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Novel Polymers for Use in Optical Devices 

The present invention relates to novel polynners comprising pyrimidine containing repeating 
units and to their use in optical devices, such as an optical device comprising an 
5 ele(^oluminescent device or a photovoltaic device. 

Derivatives of poly(p-phenylenevinylene) have been l<nown for some time as 
electroluminescence (EL) materials (see, for example, WO90/13148). 



10 WCHSZ1 11 50 discloses triazine polymers Of fonnula Z and their use in 

electroluminescence (EL) an-angements. 



weoe/46321 and US-B-6,51 2.083 relate to fluorene-containing polymers and their use in EL 
arrangements. 

EP-A-690052 discloses the use of pyrimidine containing conjugated compounds, such as for 

I as 

electroluminescent materials. 



E-Ar-Ar-r' ^^Ar-Ar-E 
N N 

20 WO[^0591 21 discloses monomers having formula , wherein X is O, 

S, MR, RC-CR, or RC=CR, Ar is an aryl or heteroaryi group, and E is a reactive group 
c^pateof undergoing chain extension and their use for the production of polymers which 
cmim^ med in optical devices (see also WO01/62869). 



25 



;-A-1 9651439 (US-A-6,323,373) relates to polymerizable biaryl derivatives of the fomiuia 




where the symbols and indices have the following meanings: 
X: -CHg-Z, -CHO; 
Y\Y^, Y^: CH; N, 

5 Z: identical or different, I, CI, Br, CN, SCN, NCO, PO(OR^)2, PO(R^2, P(R^)3'' A"; 
Aryl: an aryl group having from 6 to 14 carlDon atoms; 

R', R": identical or different, CN, F, CI, a straight-chain or branched or cyclic alky! or alkoxy 
group having from 1 to 20 carbon atoms, where one or more nonadjacent CH2 groups is 
optionally replaced by -0-, -S-, -CO-, -COO-, -0-C0-, -NR^-, -(NR^R^A- or -CONR^- and 
1 0 one or more H atoms is optionally replaced by F, or an aryl group having from 6 to 14 carbon 
atoms which may be substituted by one or more nonaromatic radicals R'; 
R\ R^ R^, R®, R® : identical or different, aliphatic or aromatic hydrocarbon radicals having 
from 1 to 20 carbon atoms; 

R"^, R^: identteal or different, hydrcgen^r^raliphatic or aromatlchydrocarbon radteals having 
1 5 from 1 to 20 carbon atoms; 

A~: a singly charged anion or its equivalent; 
m: 0, 1 or 2; 

n: 1 , 2, 3, 4 or 5 and their use for the production of polymers. 

20 There are a number of challenges faced with the introduction of organic EL displays when 
their performance is compared with existing technologies. Obtaining the exact color 
coordinates required by specific guidelines (i.e. NTSC) has been problematic. The 
operational lifetime of the EL device is relatively lower when contrasted to the existing 
inorganic technology. In addition, producing a material with a pure blue color and a long 

25 lifetime is one of the greatest problems for this industry. 

Accordingly, it is the object of the present invention to provide novel materials, which show 
significant advantages in color-purity, devtee-efficiency and/or operational lifetime, when 
incorporated in optteal devices. 
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Said object is solved by the polymers of the present invention comprising diazine, especially 
pyrimidine, containing repeating units. Optical devices, comprising the polymers of the 
present invention, can show significant advantages in color purity, device efficiency and/or 
operational lifetime. In addition, the polymers can have good solubility characteristics and 
5 relatively high glass transition temperatures, which facilitates their fabrication into coatings 
and films that are relatively thin, thermally stable, and relatively free of defects. If the 
polymers contain end groups which are capable of being crosslinked, the crosslinking of 
such groups after the films or coating is formed increases the solvent resistance thereof, 
which is beneficial in applications wherein one or more solvent-based layers of material are 
1 0 deposited thereon. 

Accordingly, the polymers of the present invention should have a glass transition 
temperature above lOO'C, especially a glass transition temperature above ISO'C. 

15 As used herein the term "polymer of the present invention" refers to polymers having 

repeating units of formula I, including formula la and lb, and/or 11, including formula lla, lib 



In a first aspect, the present invention relates to polymers comprising a repeating unit of the 
20 formula 



organic substituent, especially Ce-Csoaryl or a C2-C26heteroaryl, which optionally can be 
substituted, 

and X^are independently of each other a divalent linking group, wherein repeating units of 



and lie. 




(I), wherein and are independently of each other an 





25 formula 



(la), or 



(lb) are preferred. 



Examples of suitable divalent linking groups X^ and )^ are a single bond, -CO-, -COO-; -S-; 
-SO-; -SO2-; -0-; -CR^=CR2*-; or -C^; especially 




n1, n2, n3, n4, n5, n6 and n7 are integers of 1 to 10, In particular 1 to 3, 
R« ancLR^ are independently of each other H, CrCiaalkyl. Ci-CiaalkyI which is substituted by 
5 E and/or interrupted by D, C6-C24aryl. C6-C24aryl which is substituted by E, Ca-Caoheteroaryl, 
Ca-Caoheteroaiyl which Is substituted by E, Ca-Cisalkenyl, Cg-Cealkynyl, Ci-Ciealkoxy, Ci- 
Ciaalkoxy which is substituted by E and/or intermpted by D, CT-Cagaralkyl, or -CO-R^. 
R" is Ci-Ci8alkyl, Ci-CisalkyI which is substituted by E and/or inten-upted by D, C6-Ca4 aryl, or 
Cy-Czsaralkyl, 

10 R« and: pj" are independently of each other C1-C18 alkyi, Ci-CisalkyI which is substituted by E 
and/or intemjpted by D, Ce-C24aryl, C6-C24aryl which is substituted by E, Ca-Caoheteroaryl, 
Ca-Caoheteroaryl which is substituted by E, Ca-Ciaalkenyl, Ca-Cisalkynyl. Ci-Ci8alkoxy, Ci- 
Ciealkoxy which Is substituted by E and/or intermpted by D, or C7-Ca5aralkyl, or 
R- andTf^ form a ring, especially a five- or six-membered ring, 

1 5 R^^-^and R^«" are Independently of each other H, Ci-C,8alkyl, Ci-CisalkyI which is substituted 

by t and/or interrupted by D. C6-Ca4ary|, C6-C24aryl which is substituted t>y E, Ca- 
Caoheteroaryl, or C^Caoheteroaryl which Is substituted by E, 

D is -CO-; -COO-; -S-; -SO-; -SO2-; -0-; -NR^-; -SiR^'R^'-; -POR^^-; -CR23=CR2'^-; or -C^; 
and 

20 E is -OR^; -SR^; -NR^R^; -COR^; -COOR^; -CONR^R^^; -CN; -OCOOR^^; or halogen; 
wherein 

R^. R2^ R25 and R^^ are independently of each other H; Ce-Cisaryl; Ce-Cisaryl which is 
substituted by Ci-CisalkyI, Ci-Ci8alkoxy; Ci-CisalkyI; or Ci-Ciealkyl which is interrupted by- 



and together form a five or six membered ring, in particular 





R^^ and R^ are independently of each other H; Ce-Cisaryl; Ce-C^.saryl which is substituted by 
Ci-Cisalkyl, or CiTCi8alkoxy; CrCisalkyl; or CrCisalkyI which is interrupted by -0-, 
5 R^ is H; Ce-Cisaryl; Ce-Cisaryl, which is substituted by CrCisalkyI, CrCisalkoxy; CrCisalkyI; 
or CrCisalkyI which is interrupted by -0-, 

R^° and R®^ are independently of each other CrCisalkyI, Ce-Cisaryl, or Cs-Cisaryl, which Is 
substituted by d-Cisalkyl, and 

R^^ is CrCisalkyI, Ce-Cisaryl, or Cs-Cisaryl, which is substituted by CrCisalkyI. 



Preferably, R^ and R^ are independently of each other H, CrCisalkyI, such as methyl, ethyl, 
n-propyl, iso-propyl, n-butyl, isobutyl, sec-butyl, t-butyl, 2-methylbutyl, n-pentyl, isopentyl, n- 
hexyl, 2-ethylhexyl, or n-heptyl, CrCisalkyI which is substituted by E and/or interrupted by D, 
such as -CH2OCH3, -CH2OCH2CH3, -CH2OCH2CH2OCH3, or -CH2OCH2CH2OCH2CH3 , Ce- 
1 5 C24aryi, such as phenyl, naphthyl, or biphenyl, C6TC24aryl which Is sul3stituted by E, such as 
-C6H4OCH3, -CeH40CH2CH3, -C6H3(OCH3)2» or -C6H3(OCH2CH3)2, -C6H4CH3, "C6H3(CH3)2j 
-C6H2(CH3)3, or -C6H4tBu. 

R° is preferably H, d-Cisalkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, 
20 sec-butyl, t-butyl, 2-methylbutyl, n-pentyl, Isopentyl, n-hexyl, 2-ethyIhexyl, n-heptyl, or Ce- 
C24aryl, such as phenyl, naphthyl, or biphenyl. 

Preferably, R® and R^° are independently of each other H, CrCisalkyI, such as n-butyl, sec- 
butyl, hexyl, octyl, or 2-ethyl-hexyi, CrCisalkyI which is substituted by E and/or interrupted by 
25 D, such as -CH2(OCH2CH2)wOCH3, w - 1 , 2, 3, or 4, C6-C24aryl, such as phenyl, naphthyl, or 
biphenyl, C6-C24aryl which is substituted by E, such as -C6H4OCH3, -C6H4OCH2CH3, 
-C6H3(0CH3)2, -'C6H3(OCH2CH3)2, -C6H4CH3, -C6H3(CH3)2, -C6H2(CH3)3, or-C6H4tBu, or R^ 
and R'*^ together form a 4 to 8 membered ring, especially a 5 or 6 membered ring, such as 
cyclohexyl, or cyclopentyl. 
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Preferably, R^*' and R^=' are independently of each other H, Ci-Ciaalkyl. such as as methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, or sec-butyl, or C6-C24aryl, such as phenyl, 
naphthyl, or biphenyl. 

5 

D is preferably -CO-, -COO-, -S-, -SO-, -SO2-. -0-. -NR^-. wherein R^^ is Ci-Ci8alkyl, such as 
methyl, ethyl, n-propyl, iso-propyl. n-butyl. isobutyl, or sec-butyl, or Ce-CzAaryl, such as 
phenyl, naphthyl, or biphenyl. 

1 0 E -s-preferably -OR^; -SR^; -NR^R^; -COR^; -COOR^^; -CONR^^R^S; or -CN; wherein R^^, 
~PF, and R^ are independently of each other C1-C18 alkyi, such as methyl, ethyl, n-propyl, 
iso-propyl, n-butyl, isobutyl, sec-butyl, hexyl, octyl, or 2-ethyl-hexyl, or Ce-CzAaryl, such as 
phenyl, n^jhthyl, or biphenyl. 

t5 Among the above-mentioned groups and the following groups are preferred: 




, wherein the 



sub^ituents are defined as above. 

20 R - ancr can in principal be any oiganic substituent, provided he does not have negative 
infRjence on the (electro)lumlnescent characteristics of the polymers. Examples off R^ and R* 
are C-C,8 alkyI, Ci-Cioalkyl which is substituted by E and/or interaipted by D, Cg- 
Cj^HKanjfi, Cz-Cisalkynyl, Ci-Cisalkoxy, Ci-Ci8alkoxy which is substituted by E and/or 
intermpted by D, CT-Czsaralkyl. Ce-CzAaryl. or Ca-Caheteroaryl, which optionally can be 

25 substituted, especially a group of the formula 
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-R' 



R^ 



p6 

, especially " 



R^ 



r« 




R* R« R" 




R^ V 



, especially 




R« V° 





r" r' 




Rt R^ 



R^ 








pi 4' 


R^ 


















wherein m1 , m2, m3, m4, m5, m6 and m7 are integers of 1 to 10, in particular 1 to 3, 

is H, Ci-Ci8alkyl, d-Cisalkyl wiiicii is substituted by E and/or interrupted by D, Ce-CzAaryl, 

r' 



01 



1 0 which optionally can be substituted, especially ^ , ^ 




or 




. C2-C2oheteroaryl, which optionally can bs substituted, especially 




Ci-Ci8all<oxy which is substituted by E and/or Interrupted by D, or C7-C25aralkyl, 
X'* is d-Ciaalkyl, Ci-CiaalkyI which is substituted by E and/or intenvpted by D, C6-C24aryl, 
5 which optionally can be substituted, 

X^is Ci-Ci8alkyl, C6-C24aryl, C6-C24aryl substituted by -OCi-CiaalkyI or -CXD6-C24aryl, 
and R^^ are independently of each other H, C1-C18 alkyi, Ci-CiaalkyI which is 
substituted by E and/or interrupted by D, C6-Cz4aryl, C6-Ca4aryl which is substituted by E. Cg- 
Ciaalkenyl, Ca-Ciaalkynyl, Ci-Cisalkoxy, Ci-Cigalkoxy which Is substituted by E and/or 
1 0 interrupted by D, Cy-CgsaralkyI, and 

D, E, R^ R^ R», R^ Ri°. R^^*" and R^^' are as defined above. 

Preferably, R^ and R^ are independently of each other H, Ci-Cie alkyI, such as methyl, ethyl, 
n-propyl. iso-propyl, n-butyl, isobutyl, sec-butyl, t-butyl, 2-methylbutyl, n-pentyl, isopentyl. n- 
1 5 hexyl, 2-ethylhexyl, or n-heptyl, Ci-CiaalkyI which Is substituted by E and/or interrupted by D, 
such as -CH2OCH3, -CH2OCH2CH3, -CH2OCH2CH2OCH3, or -CHaOCHaCHaOCHaCHa, Ce- 
C24aryi, such as phenyl, naphthyl, or biphenyl, C6-C24aryl which Is substituted by E, such as 
-C6H4OCH3, -C6H4OCH2GH3, -C6H3(OCH3)2, or -C6H3(OCHaCH3)2. -C6H4CH3, -C6H3(CH3)2. 
-CeHa(CH3)3, or -C6H4tBu. 

20 

R" is preferably H, Ci-Ci8aikyi, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, 
sec-butyl, t-butyl, 2-methylbutyl, n-pentyl, isopentyl, n-hexyl, 2-ethylhexyl, and n-heptyl, or 
Ce-Ca4aryl, such as phenyl, naphthyl, or biphenyl. 

25 Preferably. R^ and R^° are independently of each other H, Ci-Ci8alkyl, such as n-butyl, sec- 
butyl, hexyl, octyl, and 2-ethyI-hexyl, Ci-Ci8alkyl which Is substituted by E and/or intenupted 
by D, such as -CHa(OCH2CH2)wOCH3. w = 1 , 2, 3, or 4. C6-C24aryl, such as phenyl, naphthyl, 
and biphenyl, C6-C24aryl which is substituted by E, such as -CeH4<X;H3, -C6H4OCH2CH3, 
-C6H3(OCH3)2. -C6n3(OCH2CH3)2, -C6H4CH3, -C6H3(CH3)2. -C6H2(CH3)3, and -C6H4tBu, or R« 

30 and R^° together form a 4 to 8 membered ring, especially a 5 or 6 membered ring, such as 
cyclohexyl, or cyclopentyl. 
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Preferably, R^'^' and R^^ are independently of each other H, CrCiaalkyI, such as as methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, and sec-butyl, or C6-C24aryl, such as phenyl, 
naphthyl, and biphenyl. 

5 

X'* is preferably CrCisalkyi, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, Isobutyl, sec- 
butyl, t-butyl, hexyl, octyl, and 2-ethyl-hexyl, or C6-C24aryl, such as phenyl, naphthyl, and 
biphenyl, and is preferably d-Ciaalkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, 
isobutyl, sec-butyl, t-butyl, hexyl, octyl, and 2-ethyl-hexyl, or Cb-Cza aryl, such as phenyl, 
1 0 naphthyl, and biphenyl. 

Preferably, R^\ R^^ and R^^ are independently of each other H, Ci-Ci8alkyl, such as methyl, 
and ethyl, Ci-Ci8alkyl which is substituted by E and/or interrupted by D, such as -CH2OCH3, 
-CH20CH2CH3,-CH20CH2CH20CH3, and -CH2OCH2CH2OCH2CH3, C6-C24aryl, such as 

1 5 phenyl, naphthyl, and biphenyl, C6-C24aryl which is substituted by E, such as -C6H4OCH3, 
-C6H4OCH2CH3, -C6H3(0CH3)2, -C6H3(OCH2CH3)2, -C6H4CH3, -C6H3(CH3)2, -C6H2(CH3)3. and 
-C6H4tBu, C2-Ci8alkenyl, Ca-Cisalkynyl, Ci-Ci8alkoxy, Ci-Ciealkoxy which is substituted by E 
and/or interrupted by D, such as -OCH2OCH3, -OCH2OCH2CH3, CH2OCH2CH2OCH3, 
-OCH2CH2OCH3.-OCH2CH2OCH2CH2OCH3 and -OCH2CH2OCH2CH2OCH2CH3, methoxy, 

20 ethoxy, n-propoxy, iso-propoxy, n-butoxy, isobutoxy, sec-butoxy, hexoxy, octoxy, and 2- 
ethyl-hexyloxy, and CrC2saralkyl. 

D is preferably -CO-, -COO-, -S-, -SO-, -SO2-, -0-, -NR^^-. wherein R^ is C1-C18 alkyi, such 
as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, sec-butyl, t-butyl, hexyl, octyl, and 2- 
25 ethyl-hexyl, or C6-C24aryl, such as phenyl, naphthyl, and biphenyl. 

E is preferably -OR^, -SR^, -NR^R^. -COR^^, -COOR^, -CONR^R^, or -CN, wherein R^, 
R^^, R^^ and R^ are independently of each other C1-C18 alkyI, such as methyl, ethyl, n-propyl, 
iso-propyl, n-butyl, isobutyl, sec-butyl, hexyl, octyl, 2-ethyl-hexyl, or C6-C24 aryl, such as 
30 phenyl, naphthyl, and biphenyl. 

Preferably, at least one of R^ and R^ is C6-C24aryl or Ca-Czoheteroaryl, which optionally can 
be substituted. In this case, R^ and R^ are preferably selected from 




R®, and are independently of each other H, C1-C18 alkyi, such as as methyl, ethyl, n- 
propyl, iso-propyl, n-butyl, isobutyl, sec-butyl, t-butyl, hexyl, octyl, 2-ethyl-hexyl, Ci-Ci8alkyl 
5 which is substituted by E and/or interrupted by D, such as -CH2OCH3, -CH2OCH2CH3, 
-CH2OCH2CH2OCH3, and -CH2OCH2CH2OCH2CH3, C6-C24 aryl, such as phenyl, naphthyl, 
andbiphenyl, C6-C24 aryl which is substituted by E, such as -C6H4OCH3, -C6H4OCH2CH3, 
-C6H3(OCH3)2, -C6H3(OCH2CH3)2, -C6H4CH3, -C6H3(CH3)2, -C6H2(CH3)3, and -C6H4tBu, 
R® is H, G1-C18 alkyI, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, and sec- 

1 0 butyl, orC6-C24 aryl, such as phenyl, naphthyl, and biphenyl, and 

R® and R^^ are independently of each other H, Crdsalkyl, such as n-butyl, sec-butyl, hexyl, 
octyl, or 2-ethyl-hexyl, Ci-Ci8alkyl which is substituted by E and/or interrupted by D, such as 
-CH2(OCH2CH2)wOCH3, w = 1 , 2, 3, or 4, C6-C24aryl, such as phenyl, naphthyl, or biphenyl, 
C6-C24aryl which is substituted by E, such as -C6H4OCH3, -C6H4OCH2CH3, -C6H3(OCH3)2, 

1 5 -C6H3(OCH2CH3)2, -C6H4CH3, -C6H3{CH3)2, -C6H2(CH3)3, or -C6H4tBu, or R^ and R^^ together 
form a 4 to 8 membered ring, especially a 5 or 6 membered ring, such as cyclohexyl, or 
cyclopentyl. 

Most prefen-ed, R^ is H and R^ is C6-C24aryl or C2-C2oheteroaryl in formula la and lb. 

20 

The polymer of the present invention comprise the repeating unit of the formula I in an 
amount of from 0.5 mol% to 100 mol%, especially in an amount of from 40 mol% to 60 mol%, 
wherein the sum of all repeating units (monomers) is 100 mol%. Accordingly, the polymers of 
thespawnt invention can comprise besides the repeating unit of the formula I co-momers in 
2B an amount of up to 99.5 mol%, especially in an amount of from 60 mol% to 40 mol%. 

Suitable co-monomers T are selected from the group consisting of 
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20 






, wherein 

is H; Ce-Cisaryl, Ce-Ciaaiyl which is substituted by Ct-Ci8all<yl, d-Cisalkyl, C6-C24aryl. 
which can optionally be substituted, or Ci-Ci8alkyl which is interrupted by -0-; 
pJsian-integer from 1 to 10, especially 1 , 2 or 3, 
q is an integer from 1 to 10, especially 1 , 2 or 3, 
s is an intf^ er from 1 to 1 0, especially 1 , 2 or 3, 
R^ R', R« and R^° are as defined above, or 
Tl* and together fomi a group of fonnula =CR^°''R^°\ wherein 

R^~ and R^»^ are independently of each other H, CrCisalkyI, Ci-Ci8alkyl which is substituted 
by t and/or intermpted by D, C6-C24aryl, C6-C24aryl which Is substituted by E. Cg- 
Czoheteroaryl, or Qa-Caoheteroaryl which is substituted by E, and 

R^^ and R^« are independently of each other H. C,-C,salkyl, Ci-CiaalkyI which is substituted 
by ^ and/ or intermpted by D, Ce-C24aryl. C6-C24aryl which is substituted by E. C^- 
Caoheteroaryl, or C2-C2oheteroaryl which is substituted by E. 



If R* and R^^together form a group of formula =CR^°''R^°^ T is preferably 



a group of formula 




, wherein R^°^ and R^'^ independently of each other Ci- 
C,8aikyL:C,^8alkQ>Q«, Ce-doaiyl. CVCoaryloxy, or di(Ci-Ci8alfcyl)amtno, wherein the aryl or 
aryloxy groups optionally can be substituted by Ci-CBalkyl (cf. US-B-6.51 2,083). 
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Preferred examples of T are selected from groups of formula 

R^ R« R« R« R , 





, or " .or 

^ R« l^R^ are independently of eaoh other H. C-Cs alkyl. such as methyl, ethyl, n-propyh 
iso-pwi. n-butyl. isobutyl. sec-butyl, t-butyl. 2-methylbutyl, n-pentyl. Isopentyl. n-hexyl, 2- 
ethylhexyl. or n-heptyl, C.-C.salkyl which is substituted by E and/or Interrupted by D. such as 
-CHzOCHa. -CHaOCHaCHs. -CHaOCHaCHaOCHs. or -CHaOCHaCHaOCHaCHs, Ce-Ca4aryl. 

1 0 such as phenyl, naphthyl, or biphenyl. Ce-Ca.aryl which is substituted by E, such ^ 

-CeH^OCHs. -CeH40CHaCH3. -CeH3(OCH3)a. Or -CeH3(OCHaCH3)a. -CeH4CH3. -CeH3(CH3)a. 
-QMCWzh, or -C6H4tBu. 

R« is H C-C,salkyl, such as methyl, ethyl, n-propyl, iso-propyl. n-butyl. .sobutyl. sec-butyl t- 
butyl. 2.methylbutyl. n-pentyl. isopentyl. n-hexyl. 2-ethylhexyl. n-heptyl. or Ce-Ca4aryl, such as 

15 phenyl, naphthyl. or biphenyl, and 

R» and R^° are independently H. C,-Cisalkyl, such as n-butyl, sec-butyl, hexyl. octyl, or 2- 
ethyl-hexyl, C-C.salkyl which is substituted by E and/or intermpted by D. such as 
.CHa(OCHaCHa)wOCH3. w = 1 . 2. 3, or 4. Ce-Ca4aryl, such as phenyl, naphthyl. or biphenyl. 
Ce-Ca4aryl which is substrtuted by E, such as -CSH4OCH3. -CeH.0CHaCH3 -CeHs^OCHa^. 

20 -CeH3(OCHaCH3)a. -CeH4CH3, -CeH3(CH3)a. -CeHa(CH3)3. or -CeH4tBu, or R« and R together 
form a 4 to 8 membered ring, especially a 5 or 6 membered ring, such as cyclohexyl. or 
cyclopentyl. 

in a preferred embodiment the polymers comprise repeating units of formula la or lb. wherein 
25 is a group of formula 




R^isH, 

and R^ are independently of each other H, Ci-Ci2alkyl, or Ci-Ci2alkoxy, 
5 R® is Ci-Ci8alkyl, Ci-CisaikyI interrupted by one or two oxygen atoms, or Ce-Ciaaryl, which 
optionally can be substituted by Ci-C^zaikyl, or Ci-Ci2alkoxy, 

R® and R^° are independently of each other Ci-CisalkyI, especially C4-Ci2alkyl, which can be 
interrupted by one or two oxygen atoms, and 
, X^ T, X and y are as defined above. 

10 

In said embodiment a co-monomer T can optionally be present, which is preferably selected 
from the group consisting of . 




R® and R^" are Independently of each other Ci-CioalkyI, especially CrCizalkyI, which can be 
interrupted by one or two oxygen atoms, or 

R° and R^^ fomi a five or six membered carbocyclic ring, which optionally can be substituted 
20 by Ci-C4alkyl, and 
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R° is Ci-Cioalkyl. 

In the first aspect of the present invention polymers are particularly prefenred. which 
comprise a repeating unit of fonnula 



(la) and 



a co-monomer , \wherein 

X is m the range of 0.005 to 1 , especially 0.4 to 0.6, and y is in the range of 0.995 to 0. 
especially 0.6 to 0.4, wherein the sum of x and y is 1 , 



R'' is a group of formula 



,or 



,or 





or 




1 0 especially ^ ' .or ' 
. is H, CrCiaalityl. or Ci-Cisalkoxy, 
R^is H. 

and are independently of each other a group of fonmula . or 



, wherein X^ 




FT R' 



15 T IS a-group Of formula " " , wherein s Is one or fcaro, and R and R are 

independently of each other CrCiaalkyI, especially C4-Ci2alkyl, which can be intenrupted by 
one or two oxygen atoms, and 




17 

and are independently of each other H, Ci-Ci2alkyl, C6-C24aryl, especially phenyl,, 
naphthyl, or biphenyl, which can be substituted by-OCi-Ci2aikyl, or Ci-Cisalkoxy. 

In a second aspect, the present invention relates to polymers comprising a repeating unit of 
5 the formula 



R^, R'* and R^ are independently of each other an organic substituent, especially Cz-Caoaryl 
or a Ca-Czeheteroaryl, which optionally can be substituted, 

is a divalent linking group, wherein repeating units of the formula 




|3 



(11), wherein 




10 



(lib) are preferred and repeating units of the formula 



- — ye- 





(I la), and 



(lie) are especially 



preferred. 
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i-Vi 



15 



Examples of suitable divalent linking groups are 




R^* R^' 



R" 
I 




W // 





r"" . or N . especially 



^ ; wherein the clotted line represent the bond to the pyrimidine ring; 

R^; and are as defined above; 

R««and 1=?^ are independently of each other H; Crdsalkyl; Ci-Ci8alkyl which is substituted 
by E and/or interrupted by D; Ce-CaAaryl; C6-C24aryl which is substituted by E; Ca- 
Caeheteroaryl; (VCaoheteroaryl which is substituted by E; CrCisalkenyl; Ca-Cisalkynyl; Ci- 
Ctaalkoxy; C-.-Ci8alkoxy which is substituted by E and/or interrupted by D; or Cy-Czsaralkyl; 
R^H; CrCisalkyl; C-Cisaikyl which is substituted by E and/or intenupted by D; CV 
Cz^syirSr-CT-C^aralkyl; 

is H; C1-C18 alkyl; Ci-Cisalky! which is substituted by E and/or intermpted by D; Ce- 
Cz^*!; 'c6-C24aryl which is substituted by E; Cz-Csoheteroaryh. Ca-Caoheteroaryl which is 
substituted by E; Ca-Ciealkenyl; Cz-Ciaalkynyl; CrCiaalkoxy; CrCisalkoxy which is 
substituted by E and/or intermpted by D; or Cy-CzsaralkyI; 

D is-CO-; -C00-; -OCOO-; -S-; -SO-; -SO.-; -0-; -NR^-; -SiR-R^^-; -POR--; -CR-=CR^*- 
or -GsG-; and 

E Is -OR'^; -SR^; -NR^R^; -COR^; -COOR^'; -CONR^R^; -CN; -OCOOR^; or halogen; 
wherein 

p23. p24. p25 r26 independently of each other H; Cs-Ciaaryi; Ce-Cisaryl which is 
20 sstemed by CrCiaalkyl; d-Ciaalkoxy; Ci-CiaalkyI; or Ci-Ci8alkyl which is intermpted by 
0-;or 
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and R^® together form a five or six membered ring, in particular 





5 R^ is IH; Ce-Cisaryl; Ce-Cisaryl whicii is sul^stituted by CrCi8alkyl, CrCisalkoxy; Ci-CisalkyI; 
or Ci-CisalkyI wliicli is interrupted by -O, 
R^^ is H, CrCiBalkyI, -C^N, -CONR^R^^ or -COOR^, 

R^^ and R^^ are independently of each other CrCisaikyI, Ce-Cisaryl, or Ce-Cisaryl, which is 
substituted by Ci-CisalkyI, and 
10 R^ is Ci-Ci8alkyl, C6-Ci8aryl, or C8-Ci8aryl, which is substituted by CrCisaikyI. 

In the second aspect of the present invention polymers comprising a repeating unit of 
formula lib, especially a repeating unit offbrmula Ha, or lie are preferred, wherein is a 



1 5 ring and R^^ is H, alkyi, -CfeN, or -COOR^, wherein R^ is H, or Ci-CisalkyI, which optionally 
can be inten-upted by one or more oxygen atoms, especially C4-Ci2alkyl, which can be 
interrupted by one or two oxygen atoms. 

R^, R"^ and R^ can in principal be any organic substituent, provided it does not have negative 
20 influence on the (electro)luminescent characteristics of the polymers, especially IH, CrCis 
alkyI, CrCisaikyI which Is substituted by E and/or inten'upted by D, C2-Ci8 alkenyl, Ca-Cis 
alkynyi, CrCis alkoxy, CrCis alkoxy which is substituted by E and/or interrupted by D, Ct- 
Casaralkyl, C6-C24aryl, or Ca-Czoheteroaryi, which optionally can be substituted, especially a 
group of the formula 




i71 



group of the formula 



, wherein the dotted line represent the bond to the pyrimidine 



5 




" , or " 

wherein m1, m2, m3, m4. m5, m6 and m7 are integers of 1 to 10, in particular 1 to 3, 
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is H, CrCisalkyl, Ci-Cisalkoxy, d-Cisalkyl which is substituted by E and/or interrupted by 



63 

D, C6-C24aryl, which can optionally be substituted, especially ^ 




5 Cisalkoxy, Ci-Cisalkoxy which is substituted by E and/or interrupted by D, or Cy-Casarall^yl, 
X"* is d-Cisalkyl, CrCisalkyl which is substituted by E and/or interrupted by D, C6-C24 aryl or 
Ca-Cgoheteroaryl, which can optionally be substituted, 

is d-Ciaalkyl, C6-C24aryl, or C2-C2oheteroaryl, which can optionally be substituted by -OC1- 
Ci8alkyl or -OC6-C24aryl, 
10 R®^ and R®^ are independently of each other H, Ci-Ci8 alkyi, Ci-C^eaikyl which is 

substituted by E and/or interrupted by D, C6-C24aryl, C6-C24aryl which is substituted by E, C2- 
Cisalkenyl, C2-Ci8alkynyi, CrCiaalkoxy, CrCisalkoxy which is substituted by E and/or 
interrupted by D, or C7-C25aralkyl, 

R®"^ and R^^are independently of each other H, Ci-Ci8alkyl, Ci-Cisalkyl which is substituted 
15 by E and/or interrupted by D, C6-C24aryl, C6-C24aryl which is substituted by E, C2- 
C2oheteroaryl, or C2-C2oheteroaryl which is substituted by E, and 
D, E, R^®, R^^ R^^ R^^ and R^'^ are as defined above. 

Preferably, R^® and R^ are independently of each other H, CrCisalkyl, such as methyl, ethyl, 
20 n-propyl, iso-propyl, n-butyl, isobutyl, sec-butyl, t-butyl, 2-methylbutyl, n-pentyl, isopentyl, n- 
hexyl, 2-ethylhexyl, and n-heptyl, Ci-CisalkyI, which is substituted by E and/or interrupted by 
D, such as -CH2OCH3, -CH2OCH2CH3, -CH2OCH2CH2OCH3. and -CH2OCH2CH2OCH2CH3, 
C6-C24aryl, such as phenyl, naphthyl, and biphenyl, or C6-C24aryl, which is substituted by E, 
such as -C6H4OCH3, -C6H4OCH2CH3, -C6H3(OCH3)2, -C6H3(0CH2CH3)2, -C6H4CH3, 
25 -C6H3(CH3)2, -C6H2(CH3)3, and -C6H4tBu. 
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is preferably H, Ci-CisalkyI, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, Isobutyl, 
sec-butyl, t-butyl, 2-methylbutyl. n-pentyi, isopentyl, n-hexyl, 2-ethylhexyl, and n-heptyl, or 
C6-C24aryl, such as phenyl, naphthyl, and biphenyl. 

5 Preferably, R^^ and are independently of each other H, Ci-CisalkyI, such as n-butyl, seo- 
butyl, hexyl, octyl, and 2-6thyl-hexyl, Ci-Ciaalkyl which is substituted by E and/or inten-upted 
by D, such as -CH2(OCH2CH2)wOCH3, w=1, 2. 3, or 4, C6-C24aryl, such as phenyl, naphthyl, 
and biphenyl, C6-C24 aryl which is substituted by E, such as -C6H4OCH3, -C6H4OCH2CH3, 
-CeHaCOCHa)^, -C6H3(OCH2CH3)2. -C6H4CH3. -C6H3(CH3)2. -C6H2(CH3)3. and -CsH^Bu, or 

1 0 and R^° together form a 4 to 8 membered ring, preferably a 5 or 6 membered ring, such as 
cyclohexyl, and cyclopentyl. 

Prefer^iy, R^ and R^ are independently of each other H, Ci-CieaikyI, such as methyl, ethyl, 
n-propyl, iso-propyl, n-butyl. isobutyl, and sec-butyl, or C6-C24aryl, such as phenyl, naphthyl, 
15 and biphenyl. . 

X'^ is preferably Ci-CisalkyI, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, sec- 
butyl, t-butyl, hexyl, octyl, and 2-ethyl-hexyl, or C6-C24aryl, such as phenyl, naphthyl, and 
biphenyl. 

20 

is preferably CrCisalkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, sec- 
butyl, t-butyl , hexyl, octyl, and 2-ethyl-hexyl, C6-C24aryl, such as phenyl, naphthyl, and 
biphenyl, or C6-C24aryl substituted by OR^, wherein R^ is H, Ci-Cia alkyi, such as methyl, 
and ethyl, or C6-C24 aryl, such as phenyl. 

25 

D is preferably -CO-; -C00-; -OCOO-; -S-; -SO-; -SO2-; -0-; -NR^-; and E is preferably 
-OR^; -SR^^; -NR^R^®; -COH^; -COOR^'; -CONR^R"; or -ON; wherein l=P; R^; R^" and 

are independently of each other H; Ci-Cisalkyl; such as methyl; ethyl; n-propyl; iso- 
propyl: n-butyl; isobutyl; sec-butyl; hexyl; octyl; and 2-ethyl-hexyl; C6-C24aryl; such as phenyl; 
30 napfi^< and biphenyl. 

Preferably, at least one of R\ R^ and R* is C6-C24aryl or Cz-Czoheteroaryl, which optionally 
can be substituted. In this aspect, polymers comprising repeating units of formula lla, 
wherein R* is H and R^ and R^ are ind^endently of each other Ce-Cz+aryl. or C2- 
35 Czoheteroaryl, or lie, wherein R^ is H and R'* and R^ are independently of each other Ce- 
C24aryl or C2-C2oheteroaryl, are preferred against those polymers having repeating units of 
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formula lib, wherein R^, R", and R^are independently of each other Ce-CaAaryl or Csr 
Caoheteroaryl, wherein the C6-C24aryl or Ca-Caoheteroaryl can optionally be substituted. 




Preferably, f^, R*. and R^are independently of each other H, 






^— ^ ^ ^ — ' ^ — ^ , ^ — ^ — ' ^ — ' , or , wherein R^^ and 

R^° are independently of each other Ci-CisalkyI, especially C4-Ci2alkyl, which can be 
interrupted by one or two oxygen atoms, wherein polymers comprising repeating units of 



formula lib, wherein R^ R*. and R^are independently of each other 





1 0 comprising repeating units of formula (lla), wherein R'' is H and R^ and R^ are independently 



of each other 
tf\ 

or 





, and polymers comprising repeating units of formula (lie), wherein R^ is H 



and R* and R^are independently of each other 




r'^ r"" 





W-V//-^ V/ .areespeci^lypreferred. 
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The polymers of the present invention comprise the repeating unit of the formula II in an 
amount of from 0.5 mol% to 100 mol%, especially in an amount of from 40 mol% to 60 mol%, 
wherein the sum of all repeating units (monomers) is 100 mol%. Accordingly, the polymers of 
the present invention can comprise besides the repeating unit of the fomiula II co-momere in 
an amount of up to 99.5 mol%. especially in an amount of from 60 mol% to 40 moI%. 



Suitable co-monomers T are selected from the group consisting of 





wherein p Is an integer from 1 to 10, especially 1 , 2 or 3, 
5 q Is an integer from 1 to 10, especially 1 , 2 or 3, 
s is an integer from 1 to 10, especially 1 , 2 or 3, 
p is an integer from 1 to 10, especially 1 , 2 or 3, 

R^^is H; Ce-CiBaryl; Ce-Ciaaryl, which is substituted by CrCiaalkyl, Ci-Ci8alkoxy; Ci-Ci8alkyl; 
or Ci-Ci8alkyl, which is interrupted by -0-; 
1 0 R^, R^, R^, R"", R^* and R^ are as defined above, or 

R=^ and R®° together form a group of formula =CR^°°R^°\ wherein 

R^°° and R^°^ are independently of each other H, d-Cisalkyl, Ci-Ci8alkyl which is substituted 
by E and/or inten-upted by D, C6-C24aryl, C6-C24aryl which Is substituted by E, or C2- 
Caoheteroaryl, or C2-C2oheteroaryl which is substituted by E. 

15 

Preferably, and R" are independently of each other H, Ci-Cisalkyl, such as methyl, ethyl, 
n-propyl, iso-propyl, n-butyl, isobutyl, sec-butyl, t-butyl, 2-methylbutyl, n-pentyl, isopentyl, n- 
hexyl, 2-ethylhexyi, and n-heptyl, Ci-Ci8alkyl, which is substituted by E and/or Intenxipted by 
D, such as -CH2OCH3, -CH2OCH2CH3, -CH2OCH2CH2OCH3, and -CH2OCH2CH2OCH2CH3, 
20 Ce-CzAaryl, such as phenyl, naphthyl, and biphenyl, or Ce-C24aryl, which is substituted by E, 
such as -C6H4OCH3, -C6H40CH2CH3, -C6H3(0CH3)2, -C6H3(0CH2CH3)2, -C6H4CH3, 
-C6H3(CH3)2. -C6H2(CH3)3, and -C6H4tBu. 

R^ is preferably H, Ci-CisallQrI. such as methyl, ethyl, rnarepyl, iso-propyl, n-butyl, isobutyl, 
25 sec-butyl, t-butyl, 2-methylbutyl, n-pentyl, isopentyl, n-hexyl, 2-ethylhexyl, and n-heptyl, or 
C6-C24aryl, such as phenyl, naphthyl, and biphenyl. 
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If and R^" together form a group of fomiula =CR^°°R^°\ T is preferably a group of formula 




, wherein R^"® and R^*" are independently of each other d- 
Csalkyl. Ci-C,»alkoxy, Ce-C^l. Ce-Cioaryloxy. or di(CrCiaalkyl)amino. wherein the aryl or 
5 aryloxy groups optionally can be substituted by Ci-CsalkyI (cf . US-B-6.51 2.083). 

Preferably, R=^ and R^" are independently of each other H. Ci-Ci8alkyl. such as n-butyl. sec- 
butyl hexill, octyl. and 2-ethyl-hexyl. d-CiBalkyl which is substituted by E and/or interrupted 
by D, such as .CH2(OCH2CH2)„OCH3. w=1 . 2. 3. or 4. Ce-C.4aryl. such as phenyl, naphthyl, 
1 0 and biphenyl. C6-Ca4 aryl which is substituted by E. such as -C6H4OCH3, -C6H40CHaCH3, 
-CeH3(OCH3)a. -CeH3(OCHaCH3)a. -CeH4CH3. -C^WH^h. -C6H.(CH3)3. and -CsH4tBu. or R 
and R^* together form a 4 to 8 membered ring, preferably a 5 or 6 membered ring, such as 
cydohexyl, and cydopentyl. 

1 5 Preferably. R"* and R^ are independently of each other H. Crdsalkyl, such as methyl, ethyl, 
n-propyl. iso-propyl. n-butyl. isobutyl, and sec^butyl. or Ce-Cz4aryl, such as phenyl, naphthyl. 
andWphenyl. 

A preferred embodiment is directed to polymers comprising a repeating unit of fomnula lib, 

20 especially a repeating unit of fomiula lla, or lie. and a co-monomer , wherein 

X is in the range of 0.005 to 1 . especially 0.4 to 0.6. and y is in the range of 0.995 to 0, 
espedally 0.6 to 0.4, wherein the sum of x and y is 1 , wherein 




w^. x*u^ lo or , wherein the dotted line 

X' is a group of the formula , or . » 

represent the bond to the pyrimidine ring, 
25 R^ R* and R^ are Independently of each other a group of the formula 
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^57 



^57 



-.57 





JLse JLse 




T is a group of formula 



15 



-i57 



■^57 



^57 






R=^ and X« are independently of each other C1-C18 alkyi, Ci-Ci8alkyl, which is substituted 
by E and/or intemjpled by D, Ce-C24aryl. C6-C24aryl, which is substituted by E, 

and R~ are Independently of each other Ci-Cisalkyl, Ci-Ci8alkyl, which is substituted by 
-OR^ and/or Interrupted by -0-, 
10 R^MsH, -CONR^R^or -CN, wherein 
DIs-O-.or-NR^-, 

E is -OR^, -SR^, or -NR^R^, wherein 
r25 is H, CrCi8 alky], or C6-C24 aryl, and 
R*^ is CrCi8 alkyI, C6-C24 aryl. 



A particularly prefen-ed embodiment is directed to polymers, comprising a repeating unit of 

formula lib, especially a repeating unit of formula lla, or lie. and a co-monomer 

wherein x is in the range of 0.005 to 1 , especially 0.4 to 0.6, and y is in the range of 0.995 to 

0, especially 0.6 to 0.4, wherein the sum of x and y is 1 , 




20 X* is a group of the formula * , wherein the dotted line represent the bond to the 
pyrimidine ring and R'^ Is H, alkyl. -CbN. or -COOR", wherein R" is H. or Crdaalkyl, which 
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optionally can be interrupted by one or more oxygen atoms, especially C4-C.^kyi. which can 
be interrupted by one or two oxygen atoms, 



R'' and R^are independently of each other H, 





R^ R" 



5 T is a group of formula " " 'O"" . „ ^ ,^ , 

wherein R=« and R^* are independently of each other CrCiaalkyl. especially C4-Ciaalkyl. 
which can be interrupted by one or two oxygen atoms, are prefenred; and polymers 



comprising repeating units of formula 



r5 are independently of each other 



R^ 



(lib), wherein R', R*, and 




10 





, and polymers comprising repeating units of 



formula 



(lla), wherein R* is H and R^ and R= are independently 



of each other 




R^ R'° 
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or 




, and polymers comprising repeating units of formula 



(lie), wherein is H and R"^ and R^are independently of each 



other 




,or 





, wherein is a group of the formula ' , wherein the dotted line 
represent the bond to the pyrimidine ring and R^^ is H, all^yl, -ON, or -COOR^^, wherein R^^ 
is H; or Ci-Ci8all^yl; which optionally can be interrupted by one or more oxygen atoms, 
especially C4-Ci2alkyl, which can be interrupted by one or two oxygen atoms, and 





T is a group of formula ^ " q,. 
wherein R^ and R®° are independently of each other CrCi8alkyl, especially C4-Ci2alkyl, 
1 0 which can be interrupted by one or two oxygen atoms, are especially preferred. 



The polymers of this invention preferably have a weight average molecular weight of 50,000 
Daltons or greater, more preferably 100,000 Daltons or greater, and most preferably 150,000 
Daltons or greater; preferably 1 ,000,000 Daltons or less, more preferably 500,000 Daltons or 
1 5 less and most preferably 250,000 Daltons or less. Molecular weights are determined 
according to gel permeation chromatography using polystyrene standards. 

A further embodiment of the present invention is represented by the ntionomers of the 
formula 
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^11 



(III), especially 



.11 



— x^-V^x^ 

— d2 



r11 



(Ilia), or 



^11 



N^N 

! A2 



J 



-X 



r11 



(lllb);and/or 



^11 




(IV), especially 



^11 



(IVa). 



^11 



-x2 



i 

L 



R* 



^11 



,11 



(IVb), or 



^11 



(IVc); wherein 



5 • RS R^ R^ R^ and R= are Independently of each other an organic substituent, especially a Ce- 
Calary'l or a Ca-Casheteroaryl, which optionally can be substituted, 
X' and X^ are independently of each other a divalent linking group, and 

X^i is independently in each occurrence a halogen atom, or -B(0H)2, -B(OY^)a or 
wher^nVMslndependentlylneachoccurrenceaC.^.^^^^^ 
10 in each occurrence a Ca-C^oalkylene group, such as -CYY-CYr-. or -CYY UYY 

OV^^^ wherein Y^ Y^ Y^ Y«, Y', Y°. Y^, Y^°, Y" and Y^^are independently of each other 
hyd«g«. or a CrCilalkyl group, especially -C(CH3)eC(CH3)a-. or -C(CH3)aCHaC(CH3)a-. 
which are starting materials in the preparation of the polymers of formula I and II. 

1 5 The-pyrimidine starting compounds are known or can be prepared according to or analc^ous 
to-knoMm-procedures. The present pyrimidine compounds are for instance derivahves of 
known hydroxyphenyl pyrimidine compounds: US.A-3.442.898. US-A-5.597.854 and US-A- 
5 753 729 the relevant parts of which are hereby incorporated by reference. The present 
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pyrimidine compounds can for instance be prepared according to or analogous to the 
following procedure: 




^ , wherein R\ R^ and 

are as defined above and X^^ is a halogen atom. 
5 An amidine hydrochloride is added to a 2-propen-1-one derivative In a CrC4-alcohol, like 
methanol, ethanol, propanol or butanol. A base, for example, an alkali metal hydroxide or 
alkoxide, such as sodium methoxide or potassium hydroxide is added and the solution is 
stirred in the presence of oxygen, for example dry air (see, for example European patent 
application no. 03405047.6; example 8). 

10 

The boron-containing compounds of formula (IV) nnay be prepared by any suitable method. 
An example of reaction conditions for preparing boron-containing compounds is described in. 
Remmers et ah, Macromolecular Rapid Communications, Vol. 17, 239-253 (1996). 
Compounds of formulas (IV), which are disubstituted by chlorine or bromine, are converted to 
15 the corresponding dilithio derivative by reaction with two equivalents of butylltthium. Reaction 
of the dilithio derivative with a trialkylborate followed by hydrolysis yields the diboronic add 
derivative. Esterification of the diboronic acid derivative with an alkylenediol, such as 
ethylene glycol, gives the di(cyclic)boronate derivative. 

20 Halogen is fluorine, chlorine, bromine and iodine. 

d-Cisalkyl Is a branched or unbranched radical such as for example methyl, ethyl, propyl, 
isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl, n-pentyl, isopentyl, 1- 
methylpentyl, 1 ,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl, isoheptyl, 1,1,3,3- 
25 tetramethylbutyl, 1 -methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyI, 1 ,1 ,3-trimethylhexyl, 
1,1,3,3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl, 1,1,3,3,5,5- 
hexamethylhexyl, tridecyl, tetradecyi, pentadecyl, hexadecyl, heptadecyl, or octadecyl. 

Ci-Cisalkoxy radicals are straight-chain or branched alkoxy radicals, e.g. methoxy, ethoxy, n- 
30 propoxy, isopropoxy, n-butoxy, sec-butoxy, tert-butoxy, amyloxy, isoamyloxy or tert-amyloxy, 
heptyloxy, octyloxy, isooctyloxy, nonyloxy, decyloxy, undecytoxy, dodecyloxy, tetradecyloxy, 
pentadecyloxy, hexadecyloxy, heptadecyloxy and octadecyloxy. 
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C2-C,8alkenyl radicals are straight-chain or branched all^enyl radicals, such as e.g. vinyl, allyl, 
methallyl, isopropenyl, 2-butenyl, 3-butenyl, isobutenyl, n-penta-2,4-dienyl, 3-methyl-but-2- 
enyl, n-oct-2-enyl. n-dodec-2-enyl. isododecenyl, n-dodec-2-enyl orn-octadec^-enyl. 

C2.24alkynyl is straight-chain or branched and preferably Ca-sall^ynyl. which may be 
unsubstituted or substituted, such as. for exannple, ethynyl, 1-propyn-3-yl. 1-butyn-4-yl. 
1-pentyn-5-yl, 2-methyl-3-butyn-2-yl, 1 .4-pentadiyn-3-yl, 1 ,3-pentadiyn-5-yl, 1-hexyn-6-yl, 
cls-3-methyl-2-penten-4-yn-1-yl, trans-3-methyl-2-penten-4-yn-1-yl, 1 ,3-hexadiyn-5-yl, 
1-octyn-8-yl, 1-nonyn-9-yl. 1-decyn-10-yl, or 1-tetracosyn-24-yl. 

C4-Ci8cycloalkyl is preferably Cs-Ciacycloalkyl. such as, for example, cyclopentyl. cyclohexyl. 
cycloheptyl, cyclooctyl. cyclononyl. cydodecyl. cyclododecyl. Cyclohexyl and cyclopentyl are 
most prefen-ed. 

1 5 C2-Ci8alkenyl is for example vinyl, allyl, butenyl, pentenyl, hexenyl, heptenyl, or oclenyl. 

Aryl is usually Ce-Caoaryl. preferably C6-C24aryl, which optionally can be substituted, such as, 
for example, phenyl, 4-methylphenyl. 4-methoxyphenyl. naphthyl, biphenylyl. 2-fluorenyl. 
phenanthryl, anthryl, tetracyi, pentacyl, hexacyl, terphenylyl or quadphenylyl. 



10 



20 



C7-C24aralkyl radicals are preferably Cy-Cisaralkyl radicals, which may be substituted, such 
as, for example, benzyl. 2-benzyl-2-propyl, p-phenethyl. a.a-dimethylbenzyl. o-phenyl-butyl. 
(D-phenyl-octyl. cD-phenyl-dodecyl or 3-methyl-5-(1M',3',3'-tetramethyl-butyl)-benzyl. 

25 Ce-Caoheteroaryl is a ring with five to seven ring atoms or a condensed rig system, wherein 
nitrogen, oxygen or sulfur are the possible hetero atoms, and is typically an unsaturated 
heterocyclic radical with five to 30 atoms having at least six conjugated 7t-electrons such as 
thienyl, benzo[b]thienyl. dibenzo[b.d]thienyl, thianthrenyl. furyl. furfuryl. 2H-pyranyl. 
benzof'uranyl. isobenzofuranyl. dibenzofuranyl, phenoxythienyl. pyrrolyl. imidazolyl. pyrazolyl. 

30 pyridyl. bipyridyl, triazinyl. pyrimidinyl. pyrazinyl. pyridazinyl. indolizinyl. isoindolyl, indolyl, 
indazolyl. purinyl, quinolizinyl, chinolyl. isochinolyl. phthalazinyl. naphthyridinyl. chinoxalinyl. 
chinazolinyl. cinnolinyl. pteridinyl, carbazolyl, carbolinyl, benzotriazolyl, benzoxazolyl, 
phenanthridinyl. acridinyl, perimidinyl, phenanthrolinyl. phenazinyl. isothiazolyl. 
phenoihiazinyl. isoxazolyl, furazanyl or phenoxazinyl, which can be unsubstituted or 

35 substituted. 
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Examples of a five or six membered ring formed by and and R^ and R^, respectively 
are heterocycloalkanes or heterocycloalkenes having from 3 to 5 carbon atoms which can 
have one additional hetero atom selected from nitrogen, oxygen and sulfur, for example 



Possible substituents of the above-mentioned groups are Ci-CealkyI, a hydroxyl group, a 
mercapto group, d-Csalkoxy, Ci-Cgalkylthio, halogen, halo-CrCsalkyl, a cyano group, an 
aldehyde group, a ketone group, a carboxyl group, an ester group, a carbamoyl group, an 
10 amino group, a nitro group or a silyl group. 

The term "haloalkyi" means groups given by partially or wholly substituting the 
above-mentioned alkyl group with halogen, such as trifluoromethyl etc. The "aldehyde group, 
ketone group, ester group, carbamoyl group and amino group" include those substituted by 

1 5 an alkyl group, a cycloalkyi group, an aryl group, an aralkyi group or a heterocyclic group, 
wherein the alkyl group, the cycloalkyi group, the aryl group, the aralkyi group and the 
heterocyclic group may be unsubstituted or substituted. The term "silyl group" means a group 
of formula -SiR^''^R^°^R^°^, wherein R^°^ R^°^ and R^""" are independently of each other a d- 
Csalkyl group, in particular a C1-C4 alkyl group, a C6-C24aryl group or a CrCizaralkylgroup, 

20 such as a trimethylsilyl group. 

If a substituent, such as, for example R^, R^ and R^, occurs more than one time in a 
group, it can be different in each occurrence. 

25 As described above, the aforementioned radicals may be substituted by E and/or, if desired, 
interrupted by D. Interruptions are of course possible only in the case of radicals containing 
at least 2 carbon atoms connected to one another by single bonds; Cs-Cisaryl is not 
interrupted; interrupted arylalkyi or alkylaryl contains the unit D in the alkyl moiety. Ci- 
Ciaalkyl substituted by one or more E and/or interrupted by one or more units D is, for 




.or 



O , which can be part of a bicyclic system, for 



5 
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example, (CH.CH.OVff. where n is a number from the range 1-9 and R" Is H or C,-C.oalkyl 
or (VCoalkanoyl (e.g. CO-CH(CaHs)C.H.). CH.-CH(ORn-CHa-0-RV. where .s C.-C.^kyl. 
Cs-C,ecycloalkyl, phenyl. CrCtsPhenylalkyl. and embraces the same definitions as R or 

5 C.lalkylene-COO-R^ e.g. CH.COOR.CH(CH3)COOR^ C(CH3)eC00R^ where R^ is H. 
C-Ciaalkyl, {CH.CHaO),.s-ff, and R'' embraces the definitions indicated above; 
CH2CH2-0-CO-CH=CH2;CH2CH(OH)CH2-0-CO-C(CH3)=CH2. 

The polvmers containing groups of formulas (I) and (11) may be prepared by any suitable 
1 0 process', but are preferably prepared by the processes described below. The condensation 
reaction of an aromatic boronate and a bromide, commonly referred to as the "Suzuk. 
reaction" is tolerant of the presence of a variety of organic functional groups and as reported 
by N Miyaua and A. Suzuki in Chemical Reviews. Vol. 95, pp. 457-2483 (1995). This 
reaction can be applied to preparing high molecular weight polymers and copolymers. 

TO prepare polymers corresponding to fomiula I or II, a dibromlde corresponding to formula 
111 or IV or a mixture thereof is reacted with an equlmolar amount of diboronic acid or 
diboronate corresponding to formula III. or IV. or a mixture thereof, preferably co-monomer 

~ ^ wherein X" is independently in each occurrence a halogen atom, or 

20 B(OH) -B(OY^)2 or ^"o" . wherein is independently in each occurrence a 

C-Coa'kyl group and Is Independently in each occunrence a Ce-Coalkylene group, such 
^ S^^-C^-. or -CY^Y«-CY«Y^°- CY^ VS wherein Y3. Y^ Y=. r, Y\ Y^ ^ . Y-, Y" 
and Y^'^are independently of each other hydrogen, or a Ci-Cioalkyl group, especially 
-C{CH3)aC(CH3)r. or -C(CH3)2CH2C(CH3)r. under the catalytic action of Pd and 
25 triphenylphosphlne. The reaction is typically conducted at about 70 «C to 120 ^ in an 

aromatte hydrocart,on solvent such as toluene. Other solvents such as dimethylformam.de 
and ^drofuran can also be used alone, or in mixtures with an aromatic hydrocarbon. An 
aqueous base, preferably sodium carbonate or bicart>onate. is used as the HBr scavenger. 
Depending on the reactivities of the reactants, a polymerteation reaction may take 2 to 1 00 
30 hours, organic bases, such as, for example, tetraalkylammonium hydroxide, and phase 

transfer catalysts, such as, for exampleTBAB, can promote the activity of the boron (see, for 
example. Leadbeater &Wlarco: Angew. Chem. Int. Ed., 2003. 42. 1407 and references cited 
therein). Other variations of reaction conditions are given by T. I. Wallow and B. M. Novak m 
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Journal of Organic Chemistry, Vol. 59, pp. 5034-5037 (1994); and M. Remmers, M. Schuize, 
and G. Wegner in Macromolecular Rapid Communications, Vol. 17, pp. 239-252 (1996). 

An alternating copolymer results when a dibromide corresponding to formula (III) or (IV) is 
5 reacted with a diboronate conresponding to formula , wherein X" is 

-<> 

independently in each occun-ence-B(OH)2,-B(OY^)2 or ° , wherein Y is 
independently in each occurrence a Ci-Cioalkyl group and Is independently in each 
occurrence a CrCioalkylene group, such as -CYV-CYV-, or -CY^Y'-CYV/'- CY^'Y'^ 
wherein Y*. Y*. Y^, Y", Y^, Y^, Y®, Y^**, Y^^ and Y^^are independently of each other hydrogen, 
10 or a Ci-Cioalkyl group, especially -C(CH3)2C(CH3)2-. or -C(CH3)2CH2C(CH3)2-. If desired, a 
monofunctional aryl hallde or aryl boronale may be used as a chain-tenninator in such 
reactions, which will result in the fomiation of a temnlnal aryl group. 

Polymerizallon processes Involving only dihalo-functional reactants may be can-led out using 

1 5 nickel coupling reactions. One such coupling reaction was described by Colon et al. in 

Journal of Polymer Science, Part A, Polymer Chemistry Edition, Vol. 28, p. 367 (1 990), and 
by Colon et al. in Journal of Opganfe Chemistry, Vol. 51 , p. 2627 (1986). Tne reaction is 
typically conducted in a polar aprotic solvent (e.g., dimethylacetamide) with a catalytic 
amount of nickel salt, a substantia! amount of trlphenylphosphine and a large excess of zinc. 

20 dust. A variant of this process Is described by loyda et al. in Bulletin of the Chemical Society 
of Japan, Vol. 63, p. 80 (1990) wherein an organo-soluble Iodide was used as an accelerator. 
Another nickel-coupling reaction was disdosed by Yamamoto In Progress in Polymer 
Science, Vol. 17, p. 1 1 53 (1992) wherein a mixture of dihaloaromatic compounds were 
treated with an excess amount of nfekel (1,5-cyclooctadiene) complex in an inert solvent. All 

25 nickel-coupling reactions when applied to reaclant mixtures of two or more aromatic dihalides 
yield essentially random copolymers. Such polymerization reactions may be temiinated by 
the addition of small amounts of water to the polymerization reaction mixture, which will 
replace the terminal halogen groups with hydrogen groups. Alternatively, a monofunctional 
aryl halide may be used as a chain-terminator in such reactions, which will result in the 

30 fomnation of a terminal aryl group. 



In one embodiment, the polymers of the invention contain conjugated groups other than the 
pyrimldine groups described above. "Conjugated groups" refer to moieties containing double 
bonds, triple bonds and/or aromatic rings. Examples of such groups are the above 
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mentioned co-monomers T. The incorporation of such groups into the polymer may be used 
to modify the light absorption, ionization potential, and/or electronic properties of the polymer. 
Such polymers may be prepared using the methods described above incorporating at least 
one conjugated compound different from the pyrimidine compounds described above. Such 
5 conjugated compounds, hereinafter referred to as "comonomers". have functional groups 
which permit them to copolymerize with the pyrimidine compounds. For example, dihalo- 
functional comonomers are preferably used in conjunction with dihalo-f unctional pyrimidine 
compounds in nickel-coupling polymerization reactions; dihalo-functional comonomers are 
preferably used in conjunction with pyrimidine-diboronic acids or pyrimidine-diboronates; and 
1 0 conjugated comonomers bearing diboronic acid or diboronate functionalities are preferably 
used in conjunction with dihalopyrimidines. For the purpose of preparing polymers of the 
invention, more than one diboronic acid/diboronate and more than one dibromide may be 
used in a Suzuki polymerization reaction so long as the total molar amount of diboronic 
ad ds/dibuiu n ate s is essentially equivalent to the total amount of dibromides. 

15 ... 

ivnckei^coupling polymerizations yield essentially random copolymers comprising pynmidine 

group-containing units and units derived from other co-monomers, while Suzuki 

polymerizations yield alternating copolymers. 

20 It is possible to control the sequencing of the monomeric units in the resulting copolymer by 
controlling the order and composition of monomer feeds in the Suzuki reaction. For instance, 
a high molecular weight copolymer comprising mainly large blocks of pyrimidine • 
homopolymers connected to short blocks of alternating pyrimidine co-monomer oligomers 
may be made by first introducing into the reaction reactants in the appropriate ratio to make 

25 the alternating pyrimidine-comonomer oligomers followed by the remainder of pyrimidine 
monomers so long as there is an overall balance of boronic and bromo groups. 

UsimUy the polymers of the present invention comprise end moieties B\ wherein is 
higia^ or an aryl moiety which may optionally be substituted with a reactive group capable 

30 of '^^^lanjoing chain extension or crosslinking, or a tri(Ci-Ci8)alkylsiloxy group. As used 

heretr.. a reactive group capable of undergoing chain extension or crosslinking refers to any 
group which is capable of reacting with another of the same group or another group so as to 
form a link to prepare oligomers or polymers. Preferably, such reactive group is a hydroxy, 
glycidyi-etner, acrylate ester, methacrylate ester, ethenyl, ethynyl, nialamide, nadimide, 

35 trifluorovinyl ether moiety or a cyclobutene moiety fused to the aromatic ring of B\ 
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The polymers of the present invention, where are reactive groups as defined above, are 
capable of crosslinking to form solvent resistant, heat-resistant films at 100*C or more, more 
preferably at 150°C or more. Preferably, such crosslinking occurs at 350^ or less, more 
preferably 300 °C or less and most preferably 250 *C or less. The crosslinkable polymers of 
5 the invention are stable at 100 or more and more preferably ISO'C or more. "Stable" as 
used herein means that such polymers do not undergo crosslinking or polymerization 
reactions at or below the stated temperatures. If a crosslinkable material is desired, is 
preferably a vinylphenyl, an ethynylphenyl, or 4-(or 3-)ben20cyclobutenyl radical. In another 
embodiment, E is selected from a group of phenolic derivatives of the formula -C6H4-O-Y, 
1 0 wherein Y is 




. If desired, the cross- 



linkable groups can be present in other parts of the polymer chain. For example, one of the 
substituents of the co-monomer T may be a crosslinkable group E\ 

1 5 The end-capping agent E^-X (E^ is as defined above and X is either CI or Br) is incorporated 
into the polymers of the present invention under the condition in which the resulting polymers 
are substantially capped by the reactive group E\ The reactions useful for this purpose are 
the nickel-coupling and Suzuki reactions described above. The average degree of 
polymerization is controlled by the mole ratio of monomers to end-capping agent. 

20 

Depending on the process of preparation the polymers of the present invention can be block 
copolymers, random copolymers, or alternating copolymers. 

Another aspect of this invention is related to polymer blends containing 1 to 99 percent of at 
25 least one pyrimidine containing polymers of this invention. The remainder 1 percent to 99 
percent of the blend is composed of one or more polymeric materials selected from among 
chain growth polymers such as polystyrene, polybutadiene, poly(methyl methacrylate), and 
poly(ethylene oxide); step-growth polymers such as phenoxy resins, polycarbonates, 
polyamides, polyesters, polyurethanes, and polyimides; and crosslinked polymers such as 
30 crosslinked epoxy resins, crosslinked phenolic resins, crosslinked acrylate resins, and 
crosslinked urethane resins. Examples of these polymers may be found in Preparative 
Methods of Polymer Chemistry, W. R. Sorenson and T. W. CampbeH, Second Edition, 
Interscience Publishers (1968). Also may be used in the blends are conjugated polymers 
such as poly(phenylene vinylene), substituted poly(phenylene vinylene)s, substituted 
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polyphenylenes and polythiophenes. Examples of these conjugated polymers are given by 
Greenham and Friend in Solid State Physics. Vol. 49, pp. 1-149 (1995). 

Another aspect of the invention is the films formed from the polymers of the invention. Such 
films can be used in polymeric light-emitting diodes. Preferably, such films are used as 
emitting layers. These polymers may also be used as protective coatings for electronic 
devices and as fluorescent coatings. The thickness of the coating or film is dependent upon 
the ultimate use. Generally, such thickness can be from 0.01 to 200 microns. In that 
embodiment wherein the coating is used as a fluorescent coating, the coating or film 
thickness is from 50 to 200 microns. In that embodiment where the coatings are used as 
electronic protective layers, the thickness of the coating can be from 5 to 20 microns. In that 
embodiment where the coatings are used in a polymeric light-emitting diode, the thickness of 
the layer formed is 0.05 to 2 microns. The polymers of the invention form good pinhole- and 
defect-free films. Such films can be prepared by means well known in the art including spin- 
coating, spray-coating, dip-coating and roller-coating. Such coatings are prepared by a 
process comprising applying a composition to a substrate and exposing the applied 
composition to conditions such that a film is formed. The conditions which form a film depend 
upon the application technique and the reactive end groups of the aryl moiety. In a prefen-ed 
embodiment, the composition applied to the substrate comprises the pyrimidine polymers 
dissolved in a common organic solvent. Preferably, the solution contains from 0.1 to 10 
weight percent of the polymers. This composition is applied to the appropriate substrate by 
the desired method and the solvent is allowed to evaporate. Residual solvent may be 
removed by vacuum and/or by heat. After removal of the solvent, the coating is then exposed 
to the necessary conditions to cure the film, if needed, to prepare a film having high solvent 
and heat resistance. The films are preferably substantially unifomi in thickness and 
substantially free of pinholes. In another embodiment, the polymers may be partially cured. 
This is known as B-staging. 

A further embodiment of the present invention is directed to an optical device or a component 
therefore, comprising a substrate and a polymer according to the present invention. 

A device according to the present invention may be prepared in accordance with the 
disclosure of WO99/48160. the contents of which are incorporated by reference. Polymers 
according to the present invention may be present in the device as the sole light emitting 
i polymer or as a component in a blend further comprising hole and/or electron transporting 
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polymers. Alternatively, the device may comprise distinct layers of a polymer of the present 
invention, a hole transporting polymer and/or an electron transporting polymer. 

in one embodiment the optical device comprises an electroluminescent device, which 
5 comprises 

(a) a charge injecting layer for injecting positive charge carriers, 

(b) a charge injecting layer for injecting negative charge carriers, 

(c) a light-emissive layer located between the layers (a) and (b) comprising a polymer 
according to the present invention. 

10 

The layer (a) may be a positive charge carrier transport layer which is located between the 
light emissive layer (c) and an anode electrode layer, or may be an anode electrode layer. 
The layer (b) may be a negative charge carrier transport layer which is located between the 
light emissive layer (c) and an cathode electrode layer, or may be an cathode electrode 
1 5 layer. Optionally, an organic charge transport layer can be located between the light emissive 
layer (c) and one of the charge carrier injecting layers (a) and (b). 

The EL device emits light below 520 nm, especially between 380 nm and 520 nm. 

20 The EL device has a NTSC coordinate of between about (0.12, 0.05) and about (0.16, 0.1 0), 
especially a NTSC coordinate of about (0.14, 0.08). 

It will be appreciated that the light emissive layer may be formed from a blend or mixture of 
materials including one or more polymers according to the present invention, and optionally 

25 further different polymers. The further different polymers may be so-called hole transport 
polymers (i.e. to improve the efficiency of hole transport to the light-emissive material) or 
electron-transport polymers (i.e. to improve the efficiency of electron transport to the light- 
emissive material). Preferably, the blend or mixture would comprise at least 0.1 % by weight 
of a polymer according to the present invention, preferably from 0.2 to 50%, more preferably 

30 from 0.5 to 30% by weight. 

An organic EL device typically consists of an organic film sandwiched between an anode and 
a cathode such that when a positive bias is applied to the device, holes are injected into the 
organic film from the anode, and electrons are injected into the organic film from the cathode. 
35 The combination of a hole and an electron may give rise to an excrton, which may undergo 
radiative decay to the ground state by liberating a photon. In practice the anode is commonly 
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an mixed oxide of tin and indium for its conductivity and transparency. The mixed oxide (ITO) 
is deposited on a transparent substrate such as glass or plastic so that the light emitted by 
the organic film may be observed. The organic film may be the composite of several 
individual layers each designed for a distinct function. Since holes are injected from the 
5 anode, the layer next to the anode needs to have the functionality of transporting holes. 
Similariy. the layer next to the cathode needs to have the functionality of transporting 
electrons. In many instances, the hole-(electron) transporting layer also acts as the emitting 
layer In some instances one layer can perform the combined functions of hole and electron 
transDon and light emission. The individual layers of the organic film may be all polymenc in 
1 0 nature or combinations of films of polymers and films of small molecules deposited by 
- themiai evaporation. It is preferred that the total thickness of the organic film be less than 
1 000 nanometers (nm). It is more preferred that the total thickness be less than 500 nm. It is 
most preferred that the total thickness be less than 300 nm. It is prefen-ed that the thickness 
of the active (light emitting) layer be less than 400 nanometers (nm). it is more preferred that 
1 5 the thickness is in the range of from 40 to 1 60 nm. 

The ITO-glass which serves as the substrate and the anode may be used for coating after 
the usual cleaning with detergent, organic solvents and UV-ozone treatment, ft may also be 
first coated with a thin layer of a conducting substance to facilitate hole Injection. Such 
20 substances include copper phthalocyanine, polyaniline and poly(3.4-ethylenedioxy- 

thiophene) (PEDT); the last two in their conductive forms by doping with a strong organic 
afeid. e.g.. poly(styrenesulf onic acid). It is preferfed that the thickness of this layer be 200 nm 
or less; it is more preferred that the thickness be 100 nm or less. 

25 m the cases where a hole-transporting layer is used, the polymeric arylamines described In 
US Pat No 5,728,801, may be used. Other known hole-conducting polymers, such as 
pdyvinylcarbazole, may also be used. The resistance of this layer to erosion by the solution 
of the copolymer film which is to be applied next is obviously critical to the successful 
fabrteatipn of multi-layer devices. The thickness of this layer may be 500 nm or less. 

30 prs&*ab»y 300 nm or less, most preferably 1 50 nm or less. 



In the case where an electron-transporting layer is used, it may be applied either by thermal 
evaporation of low molecular weight materials or by solution coating of a polymer wfth a 
solverst-tnai would not cause significant damage to the underlying film. 
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Examples of low molecular weight materials include the metal complexes of 8- 
hydroxyquinoline (as described by Burrows et al. in Applied Physics Letters, Vol. 64, pp. 
2718-2720 (1994)), metallic complexes of 10-hydroxybenzo(h)quinollne (as described by 
Hamada et al. in Chemistry Letters, pp. 906-906 (1 993)), 1 ,3,4-oxadiazoles (as described by 
5 Hamada et al. in Optoelectronics-Devices and Technologies, Vol. 7, pp. 83-93 (1 992)), 
1 ,3,4-trlazoles (as described by Kido et al. in Chemistry Letters, pp. 47-48 (1996)), and 
dicarboximides of perylene (as described by Yoshida et al. in Applied Physics Letters, Vol. 
69, pp. 734-736(1996)). 

1 0 Polymeric electron-transporting materials are exemplified by 1 ,3,4-oxadiazole-containing 

polymers (as described by Li et al. in Journal of Chemical Society, pp. 2211-2212 (1995), by 
Yang and Pei In Journal of Applied Physics, Vol 77, pp. 4807-4809 (1995)), 1 ,3,4-trlazole- 
containing polymers (as described by Strukelj et al. in Science, Vol. 267, pp. 1969-1972 
(1995)), quinoxaline-containing polymers (as described by Yamamoto et al. in Japan Journal 

1 5 of Applied Physics, Vol. 33, pp. L250-L253 (1 994), O'Brien et al. in Synthetic Metals, Vol. 76, 
pp. 1 05-1 08 (1996)), and cyano-PPV (as described by Weaver et al. in Thin Solid Films, Vol. 
273, pp. 39-47 (1996)). The thickness of this layer may be 500 nm or less, preferably 300 nm 
or less, most preferably 1 50 nm or less. 

20 The metallic cathode may be deposited either by themrial evaporation or by sputtering. The 
thickness of the cathode may be from 1 00 nm to 1 0,000 nm. The preferred metals are 
calcium, magnesium, indium, and aluminum. Alloys of these metals may also" be used. Alloys 
of aluminum containing 1 to 5 percent of lithium and alloys of magnesium containing at least 
80 percent of magnesium are preferred. 

25 

In a preferred embodiment, the electroluminescent device comprises at least one hole- 
transporting polymer film and a light-emitting polymer film comprised of the polymer of the 
invention, arranged between an anode material and a cathode material such that under an 
applied voltsge, holes are injected from the anode material into the hole-transporting polymer 
30 film and electrons are injected from the cathode material into the light-emitting polymer films 
when the device is fonward biased, resulting in light emission from the light-emitting layer. 

In another prefen-ed embodiment, layers of hole-transporting polymers are arranged so that 
the layer closest to the anode has the lower oxidation potential, with the adjacent layers 
35 having progressl>«ly higher oxidation potentials. By these methods, electroluminescent 
devices having relatively high light output per unit voltage may be prepared. 
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The term "hole-transporting polymer film" as used herein refers to a layer of a film of a 
polymer which when disposed between two electrodes to which a field is applied and holes 
are injected from the anode, permits adequate transport of holes into the emitting polymer. 
5 Hole-transporting polymers typically are comprised of triarylamine moieties. The term "light- 
emitting polymer film" as used herein refers to a layer of a film of a polymer whose excited 
states can relax to the ground state by emitting photons, preferably con-esponding to 
wavelengths in the visible range. The term "anode material" as used herein refers to a semi- 
transpamnt, or transparent, conducting film with a work function between 4.5 electron volts 
1 0 (eV) and-5.5 eV. Examples are gold, silver, copper, aluminum, indium, iron, zinc, tin, 
chromium, titanium, vanadium, cobalt, nickel, lead, manganese, tungsten and the like, 
metallic alloys such as magnesium/copper, magnesium/silver, magnesium/aluminum, 
aluminum/indium and the like, semiconductors such as Si, Ge, GaAs and the like, metallic 
oxides such as indium-tin-oxide ("ITO"). ZnO and the like, metallic compounds such as Cul 
1 5 and the like, and furthermore, electroconducting polymers such polyacetylene. polyaniline, 
polythiophene, polypyrrole, polyparaphenylene and the like. Oxides and mixed oxides of 
indium and tin. and gold are preferred. Most preferred is ITO, especially ITO on glass as 
substrate. The term "cathode material" as used herein refers to a conducting film with a work 
function between 2.5 eV and 4.5 eV. Examples are alkali metals, earth alkaline metals, group 
20 1 3 elements, silver, and copper as well as alloys or mixtures thereof such as sodium, lithium, 
potassium, calcium, lithium fluoride (LiF), sodium-potassium alloy, magnesium, magnesium- 
silver alloy, magnesium-copper alloy, magnesium-aluminum alloy, magnesium-indium aflby, 
aluminum, aluminum-aluminum oxide alloy, aluminum-lithium alloy, indium, calcium, and 
materials exemplified in EP-A 499.011. such as electroconducting polymers e.g. polypyrrole. 
25 polythiophene. polyaniline, polyacetylene etc. Preferably lithium, calcium, magnesium, 

indium, silver, aluminum, or blends and alloys of the above are used. In the case of using a 
metas-or a metallic alloy as a material for an electrode, the electrode can be formed also by 
the vacuum deposition method. In the case of using a metal or a metallic alloy as a material 
fornaQp.an electrode, the electrode can be fomned, furthermore, by the chemical plating 
30 m^ms i-see for example. Handbook of Electrochemistry, pp 383-387. Mazuren. 1 985). In the 
case of using an electroconducting polymer, an electrode can be made by forming it into a 
film by means of anodic oxidation polymerization method onto a substrate, which is 
previously provided with an electroconducting coating. 
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As methods for forming said thin films, there are. for example, the vacuum deposition 
method, the spin-coating method, the casting method, the Langmuir-Blodgett ("LB") method, 
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the ink jet printing method and the lil<e. Among these methods, the vacuum deposition 
method, the spin-coating method, the ink jet printing method and the casting method are 
particularly preferred in view of ease of operation and cost 

5 In the case of forming the layers by using the spin-coating method, the casting method and 
Inkjet printing method, the coating can be can-led out using a solution prepared by dissolving 
the composition in a concentration of from 0.0001 to 90% by weight in an appropriate organic 
solvent such as benzene, toluene, xylene, tetrahydrof urane, methyltetrahydrofurane, N,N- 
dimethylformamide, dichloromethane, dimethylsulfoxide and the like. 

10 

The organic EL device of the present invention has significant industrial values since it can 
be adapted for a flat panel display of an on-wall television set, a flat light-emitting device, a 
light source for a copying machine or a printer, a light source for a liquid crystal display or 
counter, a display signboard and a signal light. The polymers and compositions of the 
1 5 present invention can be used in the fields of an organic EL device, a photovoltaic device, an 
electrophotographic photoreceptor, a photoelectric converter, a solar cell, an image sensor, 
and the like. 

The following examples are included for illustrative purposes only and do not limit the scope 
20 of the claims. Unless otherwise stated, all parts and percentages are by weight. 

Example 1 




monomer 2 



25 

Bls(1 ,5-cyck)octadiene)nickel(0) (2.0^9. 7.27 mmd) and 2.2M3tpyridyl (1.14 g. 7.27 mmol) are 
dissolved in anhydrous toluene (7.0 ml) and stirred at 80«C for 1 hour under an argon 
atmosphere in the dark. Monomer 1 (0.85 g. 1.82 mmol) and 2,7-dibromo-9,9-dihexylfluorene 
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(0.89 g, 1 .82 mmol) are dissolved in anhydrous toluene (7.0 ml) and purged thoroughly with 
argon, then added to the solution of Ni complex and stin-ed at 80*C for 17 hours under argon 
in the dark. Anhydrous toluene (7.0 ml) is added and the reaction allowed to progress a 
further 5 hours. Bromobenzene (1 ml, 9.5 mmol) is added and the reaction stin-ed for a 

5 further 2 hours. The reaction mixture is poured into stirred methanol/c.HCI(aq) (10:1, 600 ml) 
and the resulting precipitate is stirred for 30 minutes and collected by filtration. The 
precipitate was redissolved in toluene (80 ml) and the precipitation repeated In acidic 
methanol. The precipitate is redissolved in chloroform (80 ml) and passed through a plug of 
silica, then washed through with chloroform (5 x lOOmL). The combined chloroform phases 

1 0 are concentrated to ca. 80 ml and precipitated in stirred methanol (600 ml) and stirred for 30 
minutes. The polymer is collected by filtration and dried. 0.674 g; 58% recovery of material; 
Mw = 650,000, Pd = 2.21. 




The polymerisation of Example 1 may be used to produce either high Mw homopolymers or 
1 5 high Mw statistical co-polymers from the following monomer families: 

Monomer 1 Monomer 2 



Ar: 



X: 




Polymer 


An 


Ar2 


Ara 


Rioi 


1 


phenyl 


4-bromophenyl 


4-bromophenyl 


n-hexyl 


2 


phenyl 


4-bromophenyl 


4'bromobiphenyl 


n-hexyl 


3 


phenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-hexyl 


4 


phenyl 


4-bromophenyl 


4-bromophenyl 


n-heptyl 


5 


phenyl 


4-bromophenyl 


4'bromobiphenyl 


n-heptyl 


6 


phenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-heptyl 


7 


phenyl 


4-bromophenyl 


4-bromophenyl 


n-octyl 


8 


phenyl 


4-bromophenyl 


4'bromobiphenyl 


n-octyl 


9 


phenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-octyl 


10 


4-butylphenyl 


4-bromophenyl 


4-bromophenyl 


n-hexyl 


11 


4-butylpheny[ 


4-bromophenyl 


4'bromobiphenyl 


n-hexyl 


12 


4-l3Utylphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-hexyl 


13 


4-^butylphenyl 


4-bromophenyl 


4-bromophenyl 


n-heptyl 
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14 


4-^butylphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-heptyl 


15 


4-^utylphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-heptyl 


16 


4-TDutylphenyl 


4-bromophenyl 


4-bromophenyl 


n-octyl 


17 


4-^butylphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-octyl 


18 


4-l3Utylphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-octyl 


19 


4-hexylphenyl 


4-bromophenyl 


4-bromophenyl 


n-hexyl 


20 


4-hexylphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-hexyl 


21 


4-hexyiphenyl 


4'bromobiphenyl 


4'bromoblphenyl 


n-hexyl 


22 


4-hexylphenyl 


4-bromophenyl 


4-bromophenyl 


n-heptyl 


23 


4-hexylphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-heptyl 


24 


4-hexylphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-heptyl 


25 


4-hexylphenyl 


4-bromophenyl 


4-bromophenyl 


n-octyl 


26 


4-hexylphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-octyl 


27 


4-hexylphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-octyl 


28 


4- 

iDutylbiphenyl 


4-bromophenyl 


4-bromophenyl 


n-hexyl 


29 


4- 

^utylbiphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-hexyl 


30 


4- 

^utylbiphenyi 


4'bromobiphenyl 


4'bromobiphenyl 


n-hexyl 


31 


4- 

^utylbiphenyl 


4-bromophenyl 


4-bromophenyl 


n-heptyl 


32 


4- 

l3Utylblphenyl 


4-bromophenyl 


4'bromobiphenyt 


n-heptyl 


33 


4- 

^utylbiphenyi 


4'bromobiphenyl 


4'bromobiphenyl 


n-heptyl 


34 


4- 

*butylbiphenyl 


4-bromophenyl 


4-bromophenyl 


n-octyl 


35 


4- 

*bu1ylblphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-octyl 


36 


4- 

H3utylbiphenyl 


4 bromoDipnenyi 


*t Dromouipnenyi 


n-ociyi 


37 


biphenyl 


4-bromophenyl 


4-bromophenyl 


n-hexyl 


38 


biphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-hexyl 


39 


biphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-hexyl 
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40 


biphenyl 


4-bromophenyl 


4-bromophenyl 


n-heptyl 


41 


biphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-heptyl 


42 


biphenyl 


4'bromobiphenyi 


4'bromobiphenyl 


n-heptyl 


43 


biphenyl 


4-bromophenyl 


4-bromophenyl 


n-octyl 


44 


biphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-octyl 


45 


biphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-octyl 


46 


2-naphthyl 


4-bromophenyl 


4-bromophenyl 


n-hexyl 


47 


2-naphthyl 


4-bromophenyl 


4'bromobiphenyl 


n-hexyl 


48 


2-naphthyi 


4'bromobiphenyl 


4'bromoblphenyl 


n-hexyl 


49 


2-naphthyl 


4-bromophenyl 


4-bromophenyl 


n-heptyl 


50 


2-naphthyl 


4-bromophenyl 


4'bromobiphenyl 


n-heptyl 


51 


2-naphthyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-heptyl 


52 


2-naphthyl 


4-bromophenyl 


4-bromophenyl 


n-octyl 


53 


2-naphthyl 


4-bromophenyl 


4'bromobiphenyl 


n-octyl 


54 


2-naphthyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-octyl 


55 


3,4-dibutoxy- 
phenyl 


4-bromophenyl 


4-bromophenyl 


J) 


56 


3,4-clioktoxy- 
phenyl 


4-bromophenyl 


4-bromophenyl 


J) 


57 


3,4-didecan- 
oxyphenyl 


4-bromophenyl 


4-bromophenyl 


J) 



Homopolymer; no momomer 2. 



Example 2 
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47 

Monomer 1 (1.0 g, 2.15 mmol) and monomer 3 (1.38 g, 2.15 mmol) are suspended in toluene 
(15 ml) and purged by bubbling argon through for 10 minutes. Palladium catalyst (1 mol%) is 
added and the toluene phase purged for a further 10 minutes. Tetraethylammbnium 
hydroxide (20% aq. solution; 8 ml) is added and the whole heated to reflux for 20 hours. 
Bromobenzene (0.2 ml) is added and the reaction allowed to proceed for a further hour, then 
phenylboronic acid added and the reaction stirred for another hour. On cooling the reaction 
mixture is diluted with toluene (20 ml) and poured into acidic methanol (10 ml 32% HCI(aq) in 
500 ml MeOH) and filtered. The pale solid is redissolved in CHCI3 (100 ml) and filtered 
through a plug of silica (3cm), then washed through with CHCI3 (500 ml). The CHCI3 is 
removed and the residue redissolved in toluene (100 ml) and stirred vigorously with an 
aqueous solution of disodium EDTA (5%, 200 ml) for 1 hour. The toluene phase is 
separated, concentrated to ca. 50 ml and precipitated in MeOH (400 ml), filtered and dried. 
875mg, 79% recovery. 



15 The polymerisation of Example 2 may be used to produce alternating copolymers of the 
following monomer families: 
Monomer 1 Monomer 3 



At 



I' 



Aro 




Polymer 


An 


Arg 


Ars 


R101 


58 


phenyl 


4-bromophenyl 


4-bromophenyl 


n-hexyl 


59 


phenyl 


4-bromophenyl 


4'bromobiphenyl 


n-hexyl 


60 


phenyl 


4bromobiphenyl 


4'bromobiphenyl 


n-hexyl 


61 


phenyl 


4-bromophenyl 


4-bromophenyl 


n-heptyl 


62 


phenyl 


4-bromophenyl 


4*bromobiphenyl 


n-heptyl 


63 


phenyl 


4'bromobiphenyl 


4bromobiphenyl 


n-heptyl 


64 


phenyl 


4-bromophenyl 


4-bromophenyl 


n-octyl 


65 


phenyl 


4-bromophenyl 


4'bromobiphenyl 


n-octyl 


66 


phenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-octyl 


67 


4-TDUtylphenyl 


4-bromophenyl 


4-bromophenyl 


rv-hexyl 


68 


4-lDUtylphenyl 


4-bromophenyl 


4'bromGbiphenyi 


n-hexyl 


69 


4-T3utylph6nyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-hexyl 
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70 


4-butylphenyl 


4-bromophenyl 


4-bromophenyl 


n-heptyl 


71 


4-^butylphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-heptyl 


72 


4-butylphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-heptyl 


73 


4-HDutylphenyl 


4-bromophenyl 


4-bromophenyl 


n-octyl 


74 


4-'butylphenyl 


4-bronfiophenyl 


4'bromobiphenyl 


n-octyl 


75 


4-^butylphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-octyl 


76 


4-hexylphenyl 


4-bromophenyl 


4-bromophenyl 


n-hexyl 


77 


4-hexylphenyl 


4-bromophenyI 


4'bromobiphenyl 


n-hexyl 


78 


4-hexylphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-hexyl 


79 


4-hexylphenyl 


4-bromophenyl 


4-bromophenyl 


n-heptyl 


80 


4-hexylphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-heptyl 


81 


4-hexylphenyl 


4'bromobiphenyl 


4'bromoblphenyl 


n-heptyl 


82 


4-hexyiphenyl 


4-bromophenyl 


4-bromophenyl 


n-octyl 


83 


4-hexylphenyl 


4-bromophenyi 


4'bromobiphenyl 


n-octyl 




4-hexvlDhenvl 


4'bromobiphenyl 


4'bromobiphenyl 


n-octyl 


85 


4- 

*butvlbiDhenvl 


4-bromophenyl 


4-bromophenyl 


n-hexyl 


86 


4- 

^utvlbiohenvl 


4-bromophenyl 


4*bromobiphenyl 


n-hexyl 


87 


4- 

^butylbiphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-hexyl 


88 


4- 

*butylbiphenyl 


4-bromophenyl 


4-bromophenyl 


n-heptyl 


89 


4- 

^utylbiphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-heptyl 


90 


4- 

H3utylbiphenyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-heptyl 


91 


4- 

^butylblphenyl 


4-bromophenyl 


4-bromophenyl 


n-octyl 


92 


4- 

butylbiphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-octyl 


93 


4- 

*butylbiphenyl 


4'bromoblpheny 


4'bromobiphenyl 


n-oclyl 


94 


biphenyl 


4-bromophenyl 


4-bromophenyl 


n-hexyl 


95 


biphenyl 


4-bromophenyl 


4'bromobipheny 


n-hexyl 
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96 


biohenvl 


4*bromobiphenyl 


4'bromobiphenyl 


n-hexyl 


97 


biDhenvl 


4-bromophenyl 


4-bromophenyl 


n-heptyl 


98 


biphenyl 


4-bromophenyl 


4'bromobiphenyl 


n-heptyl 


99 


biohGnvl 


4'bromobiphenyl 


4'bromoblphenyl 


n-heptyl 


100 


biohGnvl 


4-bromophenyl 


4-bromophenyl 


n-oclyl 




biDhenvl 


4-bromophenyl 


4'bromobiphenyl 


n-octyl 




binhsnvl 


4'broniobiphenyl 


4'bromobiphenyl 


n-octyl 


103 


2-nanhthvl 


4-bromophenyl 


4-bromophenyl 


n-hexyl 


1 Wr 


P-nanhthvl 


4-bromoDhenvl 


4'bromobiphenyl 


n-hexyl 


lO'S 


2-naohthvl 


4'bromobiph8nyl 


4'bromobiphenyl 


n-hexyl 




^ 1 iciwi 1 KM ty 1 


4-bromoDhenvl 


4-bromophenyl 


n-heptyl 


107 


2-naphthyl 


4-bromophenyl 


4'bromobiphenyl 


n-heptyl 


108 


2-naphthyl 


4'bromobiphenyl 


4'bromobiphenyl 


n-heptyl 


109 


2-naphthyl 


4-bromophenyl 


4-bromophenyl 


n-octyl 


110 


2-naphthyl 


4-bromophenyl 


4'bromobiphenyl 


n-octyl 


111 


2-naphthyI 


4'bromobiphenyl 


4'bromobiphenyl 


n-octyl 



Example 3 
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Monomer 3 

Bis(1 ,5-cyclooctadiene)nickel(0) (2.0 g, 7.27 mmol) and 2,2'-blpyridyl (1.14 g, 7.27 mmol) are 
dissolved in anhydrous toluene (7.0 ml) and stin-ed at 80*0 for 1 liour under an argon 
atmosphere in the dark. Monomer 3 (2.38 g, 3.3 mmol) is dissolved In anhydrous toluene 
(7.0 ml) and purged thoroughly with argon, then added to the solution of Ni complex and 
stirred at 80^ for 17 hours, under argon in the dark. Anhydrous toluene (7.0 ml) is added 
and the reaction allowed to progress a further 5 hours. Bromobenzene (1 ml, 9.5 mmol) Is 
added and the reaction stirred for a further 2 hours. The reaction mixture is poured Into 
stirred methanol/c.HCI(aq) (10:1 , 600 ml) and the resulting precipitate is stiwed for 30 minutes 
and collected by filtralion. The precipitate is redissolved In toluene (80 ml) and the 
precipitation in acidic methanol repeated. The precipitate is redissolved In chloroform (80 mO 
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and passed through a plug of silica, then washed through with chloroform (5 x 100 ml). The 
combined chloroform phases were concentrated to ca. 80 ml and precipitated in stirred 
methanol (600 ml) and stirred for 30 minutes. The polymer Is collected by filtration and dried. 



Monomer 4 (5.0 g, 14.95 mmol). AIBN (48 mg, 0.293 mmol) and chlorobenzene (12 g) are 
purged with argon, then heated to 150»C under an argon atmosphere for 2 hours. The hot 
solution was poured into stin-ed methanol (300 ml) and the resultant white precipitate filtered. 
1 0 The precipitate is redissolved in toluene (60 ml) and slowly dropped into an acidic methanol 
solution (2 ml c.HCI(aq) in 400 ml MeOH). The polymer Is filtered, washed with methanol and 
dried at 40°C in vacuo overnight. Mass = 3.5 g, 70% recovery of materials; Mw = 20,000 
(GPC, PS standards). 

15 Application Example 1 

The ITO-glass used for device fabrication has a nominal sheet resistance of 15 ohm/square. 
The hole injection conducting polymer when used is poly(3,4-ethylenedioxy-thiophene) 
(PEDT), the hole-transporting polymer when used is poly(4,4'-biphenyiene-diyl-N'N'- 
diphenyldiamino-1,4-phenylene) described In US-B-5,728.801 , hereinafter abbreviated as 

20 "P3DA", and the electron-transporting layer when used is the aluminum complex of 8- 

hydroxy-qulnoline hereinafter abbreviated as "Alq". Films of PEDT are fonned by spin coating 
from aqueous solutions of the polymer obtained from Bayer Corporation. Films of P3DA are 
formed by spin coating from chlorobenzene solutions. Alq films are formed by thermal 
evaporation in high vacuum. Multi-layer devices are fabricated by laying, down the layers 

25 sequentially starting from the layer next to the ITO. After all the layers have been deposited, 
the-appropriate metallic cathodes are then deposited on top of the organic film by thermal 
evapcr^ion. Magnesium alloys in this instance are alloys of magnesium containing at least 
85 percent of magnesium. 



5 



Example 4 
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Electroluminescent Devices: 



Device No. 


Hole 
Injection 


Hole 
Transport 


Polymer 


Electron 
Transport 


Cathode 


D1 






64 




Mg alloy 


D2 






64 


Alq 


II 


D3 




P3DA 


64 




(1 


04 




P3DA 


64 


Alq 


II 


D5 


PEDT 


PVK 


64 




Al 



PVK = polyvinyicarbazol 
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Claims 



A polymer comprising a repeating unit of the fomnula 

„1 "^"^JiLoS 



(1), especially 



R' 

L 1^ _l 



-x^-^V^R' 



-« — >^ 



(lb); and/ or 



(10, especially 



N^N 
R* 



(lib), or 



(la), or 



(lla). 



(lie); wherein 



R\ R', R"* and R^ are independently of each other an organic substituent, 
especially Cz-Caoaryl or a Ca-Caeheteroaryl, which optionally can be substituted, 
, X^ and are independently of each other a divalent linking group. 



A polymer according to claim 1 , wherein X' and are independently of each other a 
group of the formula 




n1, n2, n3, n4, n5, n6 and n7 are integers of 1 to 10, in particular 1 to 3, 

and are independently of each other H, Ci-CisalkyI, CrCisalkyI which is 
substituted by E and/or intenupted by D, C6-C24aryl, C6-C24aryl which is substituted by 
E, Ca-Czoheteroaryl, Ca-Czoheleroaryl which is substituted by E, Cg-Ciaalkenyl, C2- 
Cisalkynyl, CrCi8alkoxy, Ci-Ci8alkoxy which is substituted by E and/or interrupted by 

D, CrCzsaralkyI, or -CO-R^, 

R® is Ci-Ci8alkyl, Ci-CisalkyI which is substituted byt and/or interrupted by D, C6-C24 
aryl, or CT-CgsaralkyI, 

R® and R^° are independently of each other Ci-CisalkyI, Ci-Ciaalkyl which is 
substituted by E and/or interrupted by D, C6-C24ary!, C6-C24aryl which is substituted by 

E, C2-C2oheteroaryl, Ca-Caoheteroaryl which is substituted by E, Ca-Cisalkenyl, CV 
Cisalkynyl, Ci-Cisalkoxy, Ci-Ciaalkoxy which is substituted by E and^or interrupted by 

D, or Cr-CasaralkyI, or 

R^ and R^^form a ring, especially a five- or six-membered ring, 

R^"^' and R^^ are independently of each other H, Ci-CisalkyI, Ci-Ci8alkyl which is 

substituted by E and/or interrupted by D, C6-C24aryl, Cs-CaAaryl which is substituted by 

E, C2-C2oheteroaryl, or Ca-Caoheteroaryl which is substituted by E, 

D is -CO-, -COO-, -S-, -SO-, -SO2-, -0-, -NR^-, -SiR^R^'-, -POR^-, -CR^=CR^*-, or - 
CsC-, and 

E is -0R2^, -SR2^ -NR^^R^, -COR^, -COOR^, -C0NR2®R2^ -CN, -OCOOR^^ or 
halogen, wherein 

R^, R^^ R^ and R^ are independently of each other H, Ce-Ciaaryl, Cs-Cisaryl which is 
substituted by Ci-Ci8alkyl, Ci-Ci8alkoxy, CrCi8alkyl, or Ci-CiaalkyI which is interrupted 
by-O-, or 



and R^together form a five or six membered ring, in particular 



o 




interrupted by -0-, 

R^ is H, Ce-Cisaryl, Ce-Ciaaryl, which is substituted by Ci-CioalkyI, Ci-Ci8alkoxy, d- 
Ci8ali<yl, or Ci-Ci8all<yl which is Inten-upted by -0-, 

R^° and R^^ are independently of each other Ci-Cisailcyl, Ce-Ciaaryl, or Ce-Ciaaryl, 
which is substituted by Ci-Ci8alkyl, and 

R^2 is d-Ciaalkyl, Ce-Ciaaryl, or Ce-Ciaaryl, which Is substituted by Ci-Ciaalkyl. 

A polymer according claim 1 or 2, wherein R^ and R^ are independently of each other 
H, Ci-Ciaalkyl, d-Ciaalkyl which is substituted by E and/or Interrupted by D, Cz- 
Ciaalkenyl, Cz-Ciaalkynyl, Ci-Ciaalkoxy, d-daalkoxy which is substituted by E and/or 
interrupted by D, d-Czsaralkyl, C6-C24aryl or d-Czoheteroaryl, which optionally can be 
substituted, especially a group of the fomiula 




r6 



, especially 



R' 





, especially 
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5 




wherein m1 , m2, m3, m4, mS, mS and m7 are integers of 1 to 10, In particular 1 to 3, 
X® is H, Ci-Ciaalkyl, Ci-Ci8alkyl which is subslituted by E and/or intemjpted by D, Cg- 



Caoaryl, which optionally can be substituted, especially 




, Cg-Czfiheteroaryl, which optionally can be substituted, especially 
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Ca-Ciaalkenyl, Ca-Ciaalkynyl, Ci- 



Cisalkoxy, Ci-Cisalkoxy which is substituted by E and/or Interrupted by D, or Cr 
Casaralkyl, 

X" Is d-Ciaaikyl, Ci-CisalkyI which is substituted by E and/or Interrupted by D, Ce- 
CaAaryl, which optionally can be substituted, 

X^is CrCisalkyi, Ce-C24aryl, C6-C24aryl substituted by -OCrCisalkyI or -OC6-C24aryl. 

and R^^ are independently of each other H, d-Cis alkyi, Ci-Cnsalkyl which Is 
substituted by E and/or Intermpted by D, Ce-CzAaryl, C6-C24aryl which Is substituted by 
E, Cz-Cisalkenyl. Ca-Cisalkynyi, Ci-Ci8alkoxy, Ci-Cisalkoxy which Is substituted by E 
and/or interrupted by D, or Cy-CgsaralkyI, and 
D, E, R^ R^, R^ R^ R^°. R^^' and R^^' are as defined In claim 2. 

A polymer according to any of claims 1 to 3, comprising a co-monomer T which is 
selected from the group consisting of 




, especially 





, especially 



5 




R^^ is H, Ce-Cioaryl, Ce-Cioaryl which is substituted by CrCisalkyl, Ci-Ci8alkyl, Cs- 
C24aryl, which can optionally be substituted, or Ci-Ciaalky! which is interrupted by -0-, 
10 p is an integer from 1 to 1 0, especially 1 , 2 or 3, 

q is an integer from 1 to 1 0, especially 1 , 2 or 3, 
s is an integer from 1 to 10, especially 1 , 2 or 3, 
R^, R^. R^ R^ and R^°are as defined in claim 2. or 



10 



15 



20 
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and together form a group of formula =CR^°°R^°\ wherein 
R^°° and R^°^ are independently of each other H, Ci-Cisall^yl, Ci-Ci8ali<yl which is 
suk)stituted by E and/or intermpted by D, C6-C24aryl, C6-C24aryl which is substituted by 
E, or Ca-Czoheteroaryl, or Ca-Caoheteroaryl which is substituted by E, and 
R^"* and R^^ are independently of each other H, CrCisalkyl, d-Cisalkyl which is 
substituted by E and/or interrupted by D, C6-C24aryl, Ce-CaAaryl which is substituted by 
E, or Ca-Caoheteroaryl. Cz-Czoheteroaryl which is substituted by E. 

A polymer according to any of claims 1 to 3, comprising repeating units of formula la or 
lb, wherein R^ is a group of formula 




or 



wherein R^ is H, 

^^-R' ^ independently of each other H, Ci-CiaalkyI, CBrC24aryl. especially 
phenyl, naphthyl, or biphenyl. which can be substituted by -O-Ci-CizalkyI, or 
Ci-Ci8alkoxy, 

R® and R^° are independently of each other H, d-Ciaalkyl. or Ci-Ci2alkoxy. 

R« is Ci-Ci8alkyl, Ci-CiaalkyI interrupted by one or two oxygen atoms, or Ce-Ciaaryl, 

which optionally can be substituted by Ci-CizalkyI, or Ci-Ci2alkoxy, 

R' and R^" are independently of each other Ci-CiaalkyI, especially C4-Ci2alkyl, which 

can be Interrupted by one or two oxygen atoms, and 

X- and are as defined In claim 1 . 
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6. «dymer according to dalm 5, comprising a co-monomer T which is selected from the 
group consisting of 





R® and are independently of each other Ci-Ci8alkyl, especially C4-Ci2alkyl, which 



5 can be interrupted by one or two oxygen atoms, or 

and R^° form a five or six membered carbocyclic ring, which optionally can be 
substituted by Ci-C4alkyl, and 
R® is Ci-Cisaikyl. 



10 7. A polymer according to claim 1 , comprising a repeating unit of formula 



•V 



(la) and 



a co-monomer , wherein 

X is in the range of 0,005 to 1 , especially 0.4 to 0.6, and y is in the range of 0.995 to 0, 
especially 0.6 to 0.4, wherein the sum of x and y is 1 , 
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is a group of formula 

especially « o*" 

wherein is H, d-Ciaalkyl, or Ci-Cisalkoxy 

R^isH. 



and X^ are independently of each other a group of formula 



or 




.or 




, especially 




// \ 



,or 




, and 



T is a group of formula . wherein sis one or two. and and 

Rto are independently of each other CrCi8alkyl, especially C^-C.aalkyl, which can be 
interrupted by one or two oxygen atoms, and 

R« and R^ are independently of each other H. CrCiaalkyl. C,-Ck,Bry\, especially 
phenyl, naphthyl. or biphenyl. which can be substituted by -O-CrCi^alkyl. or 
d-Ciaalkoxy. 



A polymer 



according to daim 1 . comprising a repeating unit having the fomnula lla. lib 



or 



11c. wherein X^ is a group of the formula 




R^' 
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, or ^ ; especially 
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or 



, wherein the dotted line represent the bond to the 



pyrimidine ring, 

R^, R"* and R® are as defined in claim 1 , 

R^ and R^ are independently of each other H, Ci-CisalkyI, Ci-CisalkyI which is 
substituted by E and/or interrupted by D, C6-C24aryl, C6"C24aryl which is substituted by 
E, C2-C2oheteroaryl, C2-C2oheteroaryl which is substituted by E, Ca-Cisalkenyl, C2- 
Cisalkynyi, d-Cisalkoxy, Ci-Cisalkoxy which is substituted by E and/or inten-upted by 

D, or Cr-CasaralkyI, 

R^ is H, Ci-CisalkyI, CrCisalkyI which is substituted by E and/or interrupted by D, Ce- 
C24aryl, or CT-Casaralkyl, 

R^ and R^ are independently of each other H, C1-C18 alkyi, CrCisalkyI which is 
substituted by E and/or interrupted by D, C6-C24aryl, C6-C24aryl which is substituted by 

E, C2-C2oheteroaryl, C2-C2oheteroaryl which is substituted by E, C2-Ci8alkenyl, Cg- 
Cisaikynyl, Ci-Ci8alkoxy, Ci-Cisalkoxy which is substituted by E and/or interrupted by 
D, or C7-C25aralkyl, or 

R^ and R®°form a ring, especiaiiy a five- or six-membered ring, 

D is -CO-; -COO-; -OCOO-; -S-; -SO; -SO2-; -0-; -NR^-; -SiR^R^^-; -POR^-; 

-CR^=CR2^-; or -OC-; and 

E is -OR^; -SR^; -NR^R^; -COR^; -COOR^; -CONR^R^^; -CN; -OCOOR^; or 
halogen; wherein 

R^, R^"*, R^^ and are independently of each other H; Ce-Cisaryl; Ce-Cisaryl which is 
substituted by CrCisalkyI, Ci-Cisalkoxy; d-Cisalkyl; or d-Cisalkyl which is interrupted 
by -0-; or 




R^ and R^® together form a five or six membered ring, in particular 



o 




o 



,or 



O 



10 
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and are independently of each other H; Ce-Ciearyl; Ce-Cisaryl which is 
substHuted by CCalkyl. or C.C.alkoxy: CCaalkyl; or CCe^kyl which is 
interruDted by — 0-, and 

R- is H; Ce-Caryl; Cs-C.aryl which is substituted by CC^M. CCalkoxy; C. 
Cisalkyi; or CrCiealkyI which is interrupted by -0-, 
R^^ is H. C,-C.salkyl. -C^N. -CONR-R^« or -COOR-. 

R30 and R^^ are independently of each other Ci-C«alkyl. Ce-Cisaryl, or Ce-Cisaryl. 

which Is substituted by CrCiealkyI, and ^ ^ 

R» is C-Caalkyl. Ce-Ciearyl. or Ce-Cearyi. which is substrtuted by C.-C.aalkyl. 



■ • o ,w,«roin r3 and R^ are independently of each other 
9 A polymer according to claim 8, wherein R . R ana h are inaen ' 

H C -C. alkyl C,-C.salkyl which is substituted by E and/or Intemipted by D. C^C« 
a;^ , aU C^-C. alkoxy. alkoxy which Is substituted by E and/or 
:;^rrted b; D. cUaralkyl. Ce-C.aryl. or C-Cheteroaryl. which option^ly can be 
1 5 substituted, especially a group of the formula 

» , especially " . ' 
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wherein m1 , m2, m3, m4, m5, m6 and m7 are integers of 1 to 10, in particular 1 to 3, 
X® is H, Ci-Ci8aikyl, Ci-Ci8alkoxy, Ci-Ci8all<yl which is substituted by E and/or 
interrupted by D, C6-C24aryl, which can optionally be substituted, 




^ , C2-Ci8alkenyl, Cs-Cisaikynyl, Ci-Ci8alkoxy, Ci-Cisaikoxy which is 
substituted by E and/or interrupted by D, or Cy-CzsaralkyI, 

X"^ is CrCisalkyI, Ci-CisalkyI which is substituted by E and/or interrupted by D. Ce-C24 
aryl or C2-C2oheteroaryl, whteh can optionally be substituted, 

X^is Ci-Ci8alkyl, C6-G24aryl, or C2-C2oheteroaryl, which can optionally be substituted by 
-OCi-Ci8alkyl or -OC6-C24aryl, 



# • 
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and are independently of each other H, Ci-Ci8alkyl, d-Cisalkyl which is 
substituted by E and/or intenupted by D, C6-C24aryl, C6-C24aryl which is substituted by 
E, C2-Ci8alkenyl, Ca-Cisalkynyl, CrCiaalkoxy. CrCiaalkoxy which is substituted by E 
and/or interrupted by D, or Cy-Cgsaraikyl, 
5 and R^ are independently of each other H, Ci-Ci8alkyl, Ci-CiaalkyI which is 

substituted by E and/or interrupted by D, C6-C24aryl, C6-C24aryl which is substituted by 
E, or Cz-Czoheteroaryl, Cz-Caoheteroaryl which is substituted by E, and 
D, E, R^, R^, R^, R^^ and R®° are as defined in claim 8. 

10 10. A polymer according to claim 8 or 9, comprising a co-monomer T which is selected 
from the group consisting of 



15 





wherein p is an integer from 1 to 1 0, especially 1 , 2 or 3, 
q is an integer from 1 to 10, especially 1, 2 or 3, 
s is an integer from 1 to 10, especially 1 , 2 or 3, 
p is an integer from 1 to 10, especially 1 , 2 or 3, 

R^is H, Ce-Cisaryl, Ce-Ciearyl, which is substituted by Crdaalkyl, CrCiaalkoxy; Ci- 

Ciaalkyl; or Ci-CisalkyI which Is Interrupted by -0-; 

R^, R^, R^, R'^ R^°, R^ and R^are as defined in claim 8, or 

and R®° together form a group of formula =CR^°°R^°\ wherein 
R^^ and R^°^ are Independently of each other H, CrCiaalkyI, CrCisalkyl which is 
substituted by E and/or interrupted by D, C6-C24aryl, C6-C24aryl which is substituted by 
E, or Ce-Caoheteroaryl, or Ce-Caoheteroaryl which is substituted by E. 

A polymer according to any of claims 8 to 1 0, comprising a repeating unit of formula 
lib, especially a repeating unit of fomiula I la, or lie, and a co-monomer T, wherein 
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is a group of the formula ^ . wherein the dotted line represent the bond to 
the pyrimidine ring and R^^ is H, aikyl. -C^N, or -COOR-. wherein is H. or C- 
Cisalkyl; which optionally can be inten-upted by one or more oxygen atoms, especially 
C4-Ci2alkyl. which can be inten-upted by one or two oxygen atoms, 



R', R*, and F^are independently of each other H. 





T is a group of formula 




j^o» P<.» R R ^ wherein R^ and R^° are independently of 

each other C,-Cisalkyt. especially C^-Ci^alkyl. which can be intermpted by one or two 
oxygen atoms. 

1 2. An optical device or a component therefore, comprising a substrate and a polymer 
according to any of claims 1 to 1 1 . 

1 3. An optical device according to claim 1 2. wherein the optical device comprises an 
electroluminescent device. 

14. An optical device according to claim 13, wherein the electroluminescent device 
comprises 

(a) a charge injecting layer for injecting positive charge carriers, 

(b) a charge Injecting layer for injecting negative charge carriers, 
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(c) a light-emissh/e layer located between the layers (a) and (b) comprising a polymer 
according to any of claims 1 to 1 1 . 

A monomer of the formula 



^11 



(III), especially 



-X 



11 



(Ilia). 



I- 



/II 



or 



(lllb);and/ or 



/II 



(iV), especially 



,11 



(IVa). 




-X 



11 



y11 



-X2- 



/II 



(IVc); 



(IVb), or 
wherein 

R\ R^ R^ and R^ are Independently of each other an organic substituent, 
especially a C2-C3oaryl or a C2-C26heteroaryl, which optionally can be substituted, 
X\ X^ and X^are independently of each other a divalent linking group, and 
X^^ is independently in each occurrence a halogen atom, or -B(OH)2, -B(OY^)2 or 

-<> 

" , wherein is independently in each occurrence a Ci-CioalkyI group and 
is independently in each occurrence a Ca-Cioalkylene group, such as 
-CYV-CY=Y^-, or-CYV-CY^Y^"- CY^'Y^^-, wherein Y^ Y^ Y=, Y^ Y^. Y*, Y^, Y^", Y" 
and Y^^are independently of each other hydrogen, or a Ci-Cioalkyl group, especially 
-C(CH3)2C(CH3)2-. or -C(CH3)2CH2C(CH3)2-. 
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Abstract: 

The present invention relates to poiymers comprising diazine, especially pyrimidine. 
containing repeating units. Optical devices, comprising the polymers of the present invention, 
can show significant advantages in color purity, device efficiency and/or operational lifetime. ' 
In addition, the polymers can have good solubility characteristics and relatively high glass 
transition temperatures, which facilitates their fabrication into coatings and films that are 
relatively thin, themrially stable, and relatively free of defects. 
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